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THE NATURAL MOMENT
See preceding two pages

Hover over the maw
of a giant clam and

you'll be mesmerized by

the life between its

shells—far more stunning

than any bubbling mer-

maid. Intense, kaleido-

scopic colors are swirled

and stippled into patterns

that recall the adage about

snowflakes: no two are

ever alike. The colorful

sheath of tissue, appropri-

ately dubbed a mantle,

spans the two scalloped

shells that it accretes; the

shells of some species can

exceed four feet in length

and several hundred

pounds in heft. Truly,

they are the behemoths of

the bivalves.

Giant clams (in the

subfamily Tridacninae) take years to

reach elephantine status, growing

throughout a lifetime that sometimes

lasts a century. The juvenile pictured

here measured only about eight

inches across. Photographer Paul

Sutherland spied the blue beauty in

shallow waters around Layang

Layang, an atoll ninety miles from

Borneo in the South China Sea.

Finding large specimens there or

anywhere else has become a chal-

lenge, because of overfishing and

shrinking habitats.

Entranced, Sutherland zoomed in

on the muscular hole where the clam

spews out wastewater: a second anus,

you might say. Clams filter-feed by

siphoning in surrounding water, rak-

ing what they want through their gills,

and pumping out the leftovers. Given

the blimplike size of species such as

Tridacna gigas, which is the largest of

them all, the clams have the power to

siphon loads of water quickly

—

enough to collect plenty of food

themselves. But, in the marine world,

extra bulk can offer valuable real estate

for ready profit. Giant clams lease

their personal space and

increase their food con-

sumption by taking in

algae as tenant farmers.

The algae, known as

zooxanthellae, live by

the millions inside the

clams, where they actu-

ally provide most of the

clams' nutrients.

To produce energy for themselves

and for the clams, algae need intense

sunlight. So, as a precaution for the

clam, evolution has ensured that pig-

ments screen out ultraviolet rays

—

which, it turns out, accounts for

much of the color variation on the

creature's fleshy surface. The clams

keep their end of the symbiotic bar-

gain by keeping a few "windows"

clear of pigment, finding a permanent

spot near the surface, and staying

open during daylight hours—all to let

in some light. (They can still exercise

ownership control on the algal popu-

lation, often digesting or expelling

any unwanted tenants.) But, because

the clams' only means of defense is

shutting themselves inside their tough

shells, staying open leaves the clams

vulnerable to attack.

So, what tells them when to clam

up? Motion sensors, for one. Plus the

giant clams have eyes—hundreds of

rudimentary retinas that rim their

mantles. Sutherland was undoubtedly

spotted by the eyespots on his subject:

the clam winked shut several times as

he swam above it. —Erin Espelie
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What was Canon thinking when they developed a digital

SLR with the personality of a film camera?

©George Lepp
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"Exactly what I was thinking."

George Lepp If you're like me, you love the freedom and creative advantages that

«mL. * Jto«»~. digital affords. But you don't want to give up the nuances of film. That's why I find the

EOS 5D such an incredible camera. It's got a full-frame CMOS sensor-exactly the same size as a 35mm

frame, so I not only get huge files with incredible detail, but the full-frame sensor lets me compose my shots

without a lens conversion factor. And because it's so small and

Mj^^SSf^SS^F^-'-' liQht, it's the perfect companion for those long treks into the wild.

~ ^ "
— -•••n, |t<s reQ ||y no surpr jSe that Canon is the only maker of a 35mm full-frame

D-SLR. After all, they're the guys who listen.

APS-C

IkSU To learn more about the full-frame CMOS sensor, visit the
run F,omc gggjg canon Digital Learning Center at www.photoworkshop.com/canon
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UP FRONT

Say It with Flowers

Nature has been perfecting the sensual attractions of flow-

ers tor millions ot years. Yet what blossoms so poignant-

ly express to us is not longevity, but transience: enjoy

them today, for tomorrow their petals will litter the ground. How
apt that June, a season silly with flowers, is the month traditionally

chosen for some of life's happiest milestones—the graduations, the

weddings, days some of us plan for years. Savor the moment, say

the flowers ofJune. This year our daughter Julia is a June gradu-

ate, and my wife and I will be among the beaming parents. It

wouldn't surprise me ifJulia made her appearance in robe and

mortarboard with a rose tucked rakishly in her hair.

There is another response to floral profusion—equally valid,

and felt with equal passion—which Amy Litt articulates in her

cover story, "Origins of Floral Diversity" (page 34). "Most people

are content to take pleasure in the sheer abundance and variety"

of flowers, she writes. "We evolutionary botanists are less easily

gratified." And when you think about it, the cultural tradition that

says blossoms are ephemeral gets at only part of the truth about

nature's floral extravagance. Biologically, there's nothing ephemer-

al about it. Millions of years of evolutionary warfare have led to

highly efficient devices coldly calibrated to get the mobile pollina-

tors of the world to propagate the rooted species. And—fair

warning—Litt has not shrunk from describing the genetic jigsaw

puzzle that underlies the astonishing diversity of floral forms.

• • •

Jane Jacobs, the critic and tireless advocate for the benefits of

urban life on a human scale, died this past April. With her in

mind, here's another puzzle posed by a story in this issue, for

anyone fascinated by the idea of a city. What "city" never really

became a city? Where did people live together at high densities

for more than a thousand years without forming a centralized

community structure? The answers to those questions are coming

into focus at an archaeological site in central Turkey known as

(^atalhoyiik (see Ian Hodder, "This Old House," page 42).

High-density living in (^atalhoyiik seems to have been a stew

of unimaginable pungency. Families built their houses cheek by

jowl, on top of the homes of their ancestors. They buried their

tic ail under raised platforms in their main living quarters, and

tossed garbage and human waste in the gap between their own
outside w alls and those of their neighbors. No wonder, as Hod-
der notes, they reached their rooms by climbing over their neigh-

bors' roofs and down a flight of stairs! Yet despite the high densi-

ty, few signs of any common area, village government, or even

shared production of goods were part of life in Catalhoyiik.

The excavation of ( Catalhoyiik has been going on, in fits ami

starts, tor more than forty years, yet archaeologists have, almost

literally, only scratched the surface of what it has to say about the

varieties of the human condition.
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Ensuring Cultural Security

Charitable Gift Annuities

What is Your Legacy:

Hope and Arnold Asrelsky have

decided to leave a legacy with the

American Museum of Natural History.

They are creating an endowed fund through a charitable gift

annuity in memory of their daughter, Rachel, who interned

at the Museum. This annuity ensures financial and cultural

security— it gives them income for life and a gift in perpetuity

for this center of life-long wonder.

If you would like to know more about how to fund a gift

that is such a win/win for you and the American Museum of

Natural History, please contact the Office of Planned Giving:

Call: (212) 769-5H9

E-mail: plannedgiving@amnh.org

Write: Office of Planned Giving

Development Department

American Museum of Natural History

79th Street and Central Park West

New York NY 10024-5192

American Museum o Natural History
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CONTRIBUTORS

Last year, photographer PAUL SUTHERLAND was suspended from

the stern of a fishing boat making eight knots as it laid out a long-

line; he was attempting to capture midair shots of albatrosses and

petrels scavenging the boat's discarded fish. For Sutherland, that's

all in a day's work, as he documents life in and around the water.

His mesmerizing underwater close-up ofa giant clam ("The Nat-

ural Moment," page 4) could be a piece of abstract art—so exot-

ic is the clam's skin and siphon hole to most of us. Sutherland's work has been

published in National Geographic, Nature Australia, Scientific American, and U.S. News

& World Report. More of his photographs appear online (www.sutherlandstock.com).

AMY LITT ("Origins of Floral Diversity," page 34) did not fol-

low a straight path to her current position as director ofthe plant

genomics program at the New York Botanical Garden (NYBG).
After earning her master's degree in biology, she taught middle-

school and high school science for a number of years. An eco-

tourism excursion in the Amazon rainforest introduced her to

the extraordinary diversity of flower forms and lured her back

to academia. Litt earned her doctorate from the City University ofNew York,

concentrating in floral structure. At NYBG Litt applies genomic and molecu-

lar techniques to study the evolution of forms in flowers and fruits.

Since 1993, archaeologist IAN HODDER ("This Old House," page

42) has been leading the excavation of Catalhoyuk, a 9,000-year-

old Neolithic site in central Turkey. The project aims to place the

abundant art from the site in its full economic, environmental,

and social context; to conserve the paintings, plasters, and mud
walls; and to present the site to the public. Further information

and images about the site are available on the Web (www.catal-

hoyuk.com). Hodder is currently the Dunlevie Family Professor in the department

of cultural and social anthropology at Stanford University. His article in this issue

has been adapted from his forthcoming book, Tlie Leopard's Talc: Revealing the Mys-

teries of Catalhoyuk, which is being published this month by Thames & Hudson.

While still a graduate student at the University ofBuenos Aires,

GRACIELA FLORES ("Good Fences, Good Neighbors?" page

48) realized she wanted to broaden her view of the life sciences.

After earning a doctorate in biology, Flores left research to pur-

sue a career in teaching and writing. She has designed biology

courses for high school teachers and co-authored two college-

level biology textbooks. Now an editor-at-large at Natural His-

tory, Flores also freelances for the Reuters news agency and publications such as

The Scientist, writing about health, research, and technology.
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LETTERS

Swimming with Sharks

Steven G. Wilson's infor-

mative overview of the

whale shark
[

L

'The Biggest

Fish, 4/06] points out the

little we know, and the lot

we don't know, about the

largest of all fishes. Mr.

Wilson notes that the ani-

mal is threatened by fishing

and boat strikes, but those

who would protect the

whale shark must also be

alert to the potential for

harmful effects from the

growth of whale-shark

ecotourism. For example,

the thousands of people

who now swim with whale

sharks could end up driving

them away from their feed-

ing grounds if the practice

isn't studied and regulated.

Because whale sharks

range so widely, regional

studies of them are limited.

What is needed, ifwe are

to avoid losing these mag-

nificent animals from the

planet, is an integrated,

global study of the species.

Robert E. Hueter

Mote Marine Laboratory

Sarasota, Florida

Steven Wilson's article

prompts me to ask a ques-

tion I've always wondered

about: Couldn't a person

be sucked in by a whale

shark and become pinned

to its gills?

Richard W. Crews

Encinitas, California

Steven G.Wilson
RJ PI II S: Robert E. Hueter

raises excellent points

about ecotourism. To

avoid or mitigate the prob-

lem, authorities in Western

Australia have developed

stringent guidelines for

managing human activi-

ties around whale sharks.

Beyond limiting or ban-

ning their harvest and redi-

recting communities to the

regulated and nonconsump-

tive use of whale sharks, we
need to study the move-

ment patterns of the species

and the oceanographic fac-

tors that control them. Such

work is critical ifwe are to

conserve and manage whale

shark populations and un-

derstand longer-term threats

such as those posed by glob-

al climate change.

I think the fear expressed

by Richard W. Crews cross-

es the mind ot anyone who
swims with a whale shark.

Although a person would

certainly fit inside the

mouth of the adult animal,

I have never heard any re-

port of such an accident. A
whale shark would probably

avoid ingesting an object as

large as a person; in fact,

when a person swims just

in front of a whale shark,

the animal usually responds

by closing its mouth or al-

tering its course.

Love Those Dioramas!

Although the panorama,

diorama, and cyclorama

were critical to the

development of the mu-
seum-habitat diorama, as

described by Stephen

Christopher Quinn in his

article, "The Worlds Behind

the Glass" [4/06], emphasis

needs be put on the cyclo-

rama of the 1880s. "Cyclo-

rama" was the name fre-

quently given to a form of

the panorama, a borderless

painting arranged in a circle

to mimic the impression of

a view seen completely

around. The cyclorama em-
bellished the illusion with

faux terrain, or artificial

figures and objects, which

were added both in front of

the picture and blended in

to it—precisely the "tie-in"

of three-dimensional fore-

ground with painted and

curved background that Mr.

Quinn describes in his arti-

cle. In a remarkably propi-

tious alignment of circum-

stances, nineteenth-century

advances in both taxidermy

and pictorial entertainment

converged in the 1880s to

inform the museum diora-

mas that still delight and

instruct us today.

Kevin /. Avery

The Metropolitan Museum

ofArt

New York, Neti> York

Before we met, both my
wife and I often visited the

American Museum of

Natural History in New
York City. My favorite

area was the Akeley Hall

of African Mammals. This

past March we visited

New York for the first

time in thirty years. Natu-

rally, our first stop was the

American Museum. Ake-

ley Hall was just as I re-

membered it—awesome!

On returning home, we
found the latest issue of

Natural History, with

Stephen Christopher

Quinn's article. It brought

back memories both dis-

tant and current.

Al Westerfield

Crossville, Tennessee

Worse than Fallout?

Mary Mycio's Endpaper

"Chernobyl Paradox"

[4/06] should have been

your lead article. People

have been destroying the

natural world for eons, but

showing so clearly and on

such a grand scale that the

human presence is so much
worse than even the ra-

dioactive isotopes cesium-

137 and strontium-90

should be a clincher in any

environmental debate.

Each new suburb, mall,

and parking lot is more

damaging to our world

than the worst nuclear

meltdown in history.

Richard S. Blake

East Falmouth, Massachusetts

Underground Heroes

Soil bacteria and fungi are

the mechanistic workhors-

es that drive nutrient cy-

cling in diverse terrestrial

and aquatic ecosystems.

(Continued on page 60)

"I call it 'Astronomy Beyond the I isible-light Spectrum.'
"
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SAMPLINGS

A/as/can glacier is on the move.

Icequake
A global network of seismometers con-

stantly monitors the Earth's rumbles and

grumbles. Three years ago Goran Ekstrom,

a geophysicist at Harvard University, no-

ticed some unusual, low-frequency seismic

waves, which looked nothing like the sig-

nals of moving tectonic plates. The strange

waves, he discovered, orig-

inated in Alaska, Antarc-

tica, and Greenland, where

massive glaciers were

lurching downslope, then

stopping abruptly, shaking

f
1" the earth below.

Once they identified

if the source, Ekstrom and

• ' • ' two colleagues combed

, ,
through seismographic

records from 1993 through

2005, and picked 136 of

i ,«i
the best-recorded "glacial

* earthquakes" originating

- at the edge of the Green-

. land ice sheet. The investi-

gators found that those

j ' quakes took place most

frequently in the late sum-

mer months. Presumably,

~ that's when the most melt-

water trickles down to

the bases of the glaciers,

reducing the friction be-

tween ice and ground and easing the

glaciers along. And glacial earthquakes are

on the rise. In 2005 there were twice as

many quakes in Greenland as in any year

before 2002. Glacial meltwater seems to

be flowing freely these days, yet another

sign of the warming climate. {Science 31 1

:

1756-8, 2006)

—Stephan Reebs

Europe's First Fashionistas
The first anatomically modern humans to

colonize Europe forged what archaeologists

now call the Aurignacian culture, which per-

sisted throughout Europe between 37,000

and 28,000 years ago. Over such a long time

and wide area, it seems plausible that the

Aurignacians spawned various subcul-

tures and languages.

Until now, though,

Early European bijoux

regional differences

among Aurignacian

artifacts have been

hard to identify.

Recently, how-

ever, the archaeologists Marian Vanhaeren

of the University of Paris X and Francesco

d'Errico of the University of Bordeaux I, both

in France, have distinguished three broad

geographical regions in the distribution of

the Aurignacians' ornamental beads and

pendants. The ornaments were usually shells,

teeth, or bones, perforated or grooved to

accommodate a cord. In parts of present-day

Belgium and Germany, perforated teeth and

tear- or disk-shaped ivory beads were more

fashionable than elsewhere. In parts of Aus-

tria, southeastern France, Greece, and Italy,

shells tended to be de rigueur. The mix of

ornaments from Spain and from southern

and western France is intermediate between

Gender Bias
Hypoxia, or oxygen scarcity, is accelerating

across vast reaches of the world's waters.

The cause is often pollution, and by now as

many as 400,000 square miles of ocean are

permanently hypoxic. In such areas, fish pop-

ulations plummet. Some fish species simply

drop dead from too little oxygen. But a new

study suggests that low oxygen levels may

also alter the sex ratios among fish popula-

tions, thereby compromising their survival.

Eva H. H. Shang and Rudolf S. S. Wu,

both ecotoxicologists at the City University

of Hong Kong, and a colleague compared

zebra fish reared in tanks under hypoxic

conditions with a control group raised in

normally oxygenated water. After four

months, the investigators discovered that

many more males than females developed

in the hypoxic tanks—74 percent of the

population compared to 62 percent in

"normoxic" tanks. They blame the imbal-

ance on an altered ratio of two sex hor-

mones at a stage in development when the

fishes' gender is determined. Female fish

reared in hypoxic tanks produced more

testosterone and less estradiol than did fish

reared in normoxic tanks. The cause, Shang

and Wu found, was changes in the expres-

sion of genes that manufacture the sex hor-

mones. The changes in hormone levels

likely inhibit the development of female re-

productive organs and other sexual traits

and encourage male organs and sexual

traits to develop instead. Fish with girl

genes, it seems, grow up with boy bodies.

Shang and Wu suspect that even if fully

female fish do manage to survive in hy-

poxic environments, they may produce

fewer, poorer-quality eggs than normal. Be-

cause a fish population's reproductive suc-

cess is limited by the number and fecundity

of its females, Shang and Wu worry that

hypoxia may be even more harmful to the

world's fishes than previously thought. {En-

vironmental Science & Technology, doi:10.

1 02 1 /es522579, 2006) —Rebecca Kessler

the other two regions. Because the same

raw materials were available everywhere,

Vanhaeren and d'Errico argue that such fash-

ion trends reflect cultural—and perhaps even

linguistic—differences, and that the first

Europeans were a diverse bunch. {Journal of

Archaeological Science, in press, 2006)

—S.R.
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Keep looking up: Australian lace monitor perches

in a stringybark eucalyptus tree.

One Big

Toxic Family
What makes the bite of the Komodo drag-

on a wound that can kill? Most biologists

would point to the bacterial infection it

causes. According to a new study, howev-

er, there may be a better explanation: ven-

om. Fourteen scientists from six nations,

led by Bryan G. Fry, a biochemist at the

University of Melbourne in Australia, dis-

covered that

iguanas and moni-

tor lizards (the

group to which

Komodos belong)

have venom

glands in their

mouths. The in-

vestigators found

that, in rats, the

venom of the lace

monitor, an Aus-

tralian cousin of

the Indonesian

dragon, reduced blood pressure and clot-

ting. Both effects would be handy for in-

ducing loss of consciousness and extensive

bleeding in prey.

Among reptiles, only snakes and two

lizards—the Gila monster and its close rela-

tive, the beaded lizard—were previously

known to possess venom. Its rarity in lizards

had led biologists to think venom evolved

independently in snakes and lizards. But the

discovery of venom glands in iguanas and

monitor lizards—along with the genes nec-

Is There a Doctor in the Barn?
All animals get sick from time to time, but

most of them can't just reach for the aspirin.

Anecdotes of nonhuman species that seem

to self-medicate abound, but few have been

experimentally corroborated. Now a study

of domestic sheep shows that their pharma-

ceutical skills are surprisingly sophisticated.

Juan J. Villalba, an animal behavior special-

ist at Utah State University in Logan, and two

colleagues conditioned four-to-five-month-

old lambs to eat barley grain and food laced

with tannins or oxalic acid. Each food gave

the lambs some temporary discomfort: barley

grain causes heartburn, tannins cause indi-

gestion, and oxalic acid causes low energy

and shortness of breath. After they were ac-

customed to eating each of the three foods,

the test lambs were conditioned to consume

the medicine appropriate to each food.

(A control group of lambs got no treatment

for each of their illnesses, but was instead

allowed to recuperate naturally.)

After ten weeks of conditioning, all the

lambs were fed just one of the toxins at a

time, then given a choice of the three cures.

Only the lambs that had previously tried the

medicines and recovered from each ill-

ness—as many as five months earlier—were

able to select the appropriate medicine,

demonstrating for the first time in nonhu-

mans the ability to learn about a range of

cures for different maladies. Villalba's study

adds scientific weight to the idea that early

humans may have acquired pharmacological

knowledge by observing the foraging

behavior of animals. (Animal Behaviour, in

press, 2006) —Nick W. Atkinson

essary for making at least nine different

toxins that are shared by snakes—has

forced a reevaluation of the reptiles' evolu-

tionary history. Fry and his colleagues say

that a system for venom production and

delivery probably evolved just once, in an

ancestor common to all venomous reptiles.

The system evolved 200 million years

ago—just when bite-size mammals were

diversifying and spreading. {Nature 439:

584-8, 2006) —S.R.

Red Means Grow
Sunny but parched, or rainy but gloomy:

only two seasons come and go in tropical

rainforests, and which one might encour-

age more plant growth seems a toss-up. In

the Amazon, it turns out, the dry season,

roughly July through November, is the

greener. Until recently, only a few locales

had been studied, but in those areas the

leaves fall early in the dry season, some of

them choked by moss that prospers dur-

ing the preceding rainy months. New
growth replaces the dead leaves as the

dry season advances. A new study shows

that the same pattern applies to most of

the Amazon basin, except where the for-

est has been disturbed by people.

Since 2000, a NASA satellite has

recorded the amount of red light reflected

by the Amazon rainforest. Plants absorb

red wavelengths of light for photosynthe-

sis, and reflect green. Thus, the less red

they reflect, the more they are growing

and greening up. A team led by Alfredo

Huete, an ecologist at the University of

Arizona in Tucson, found that, according to

the satellite data, the greenery increased

by 25 percent in the dry season. But where

people had converted the forest to agri-

culture or other uses, the satellite de-

tected exactly the opposite effect. In

those areas, the red-light reflection indi-

cated that the remaining flora had

"browned down" by 25 percent.

Big rainforest trees have deep roots

that can tap underground water reserves

in all but the driest years, says Huete, so

their growth depends more on sunlight

than rain. The relatively puny vegetation

in disturbed areas has no such advantage;

it withers once the rains stop. (Geophysi-

cal Research Letters 33:L06405, 2006)

—S.R.

Mary's smart little lamb
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Genes Well
Dropped
As a species evolves, its genome is constant-

ly mutating, and some mutations can inacti-

vate a gene. A disaster in the making? Not

necessarily. Investigators have discovered

that complete gene inactivation, or pseudo-

genization, can be beneficial—indeed, an im-

portant driving force for evolution.

Now three evolutionary geneticists have

discovered that pseudogenes, or genes no

longer expressed as functional proteins,

may have contributed to humanity's diver-

gence from chimpanzees. Xiaoxia Wang,

Wendy E. Grus, and Jianzhi Zhang, all at the

University of Michigan in Ann Arbor, identi-

fied sixty-seven pseudogenes in the human

A Room with a Few
Cockroaches, to the dismay of many apart-

ment dwellers, prefer group living. Safety

in numbers is one benefit of a gregarious

lifestyle, but togetherness can also have its

drawbacks—not the least of which is in-

creased competition for resources, includ-

ing space. A recent study now shows that

cockroaches respond to crowding by mak-

ing complex collective decisions about how

to achieve optimal group size and how to

divvy up available nooks and crannies.

Jean-Marc Ame and Jose Halloy, both

biologists at the Free University of Brus-

sels, Belgium, and several colleagues pre-

sented groups of juvenile German cock-

roaches with shelters of varying number

genome that originated in the time since

the human and chimpanzee lineages split.

One pseudogene, CASP12, which plays a

role in suppressing mammals' immune sys-

tems, functions in all mammals except

human beings.

At some point in human evolution, shortly

before modern Homo sapiens began to mi-

grate out of Africa between 40,000 and

60,000 years ago, natural selection began to

favor switching off the CASP12 gene. This

gene loss reduces the probability of devel-

oping severe sepsis, a disease in which the

body responds too strongly to an infection.

Although exactly how losing the protein

that CASP12 encodes can protect against

severe sepsis is unknown, clearly, in some

cases, less really is more. (P/oS Biology

4:0366-77, 2006) —N.W.A.

and size. When the roaches could choose

among several roomy shelters, the entire

group piled into a single one. But remark-

ably, when one of the shelters couldn't

accommodate the whole crowd, the crafty

insects distributed themselves into the

smallest possible number of equal-size

groups. For example, if three shelters were

available that could house fifty roaches

each, a group of eighty would invariably

divide into two groups of forty—not, say,

one of fifty and one of thirty, or three ap-

proximately equal groups. The insects' so-

lution, according to mathematical models

developed by the team, benefits all

roaches equally and maximally.

So how do they do it? The

group's uncanny behavior appar-

ently results from decisions by

individual cockroaches. Ame and

Halloy posit that when an indi-

vidual arrives at a shelter, the

more roaches that are already

there, the likelier it is to stay.

If the space is too crowded,

however, the benefits of refuge

among its companions are re-

duced by the degree of competi-

tion for space, and the roach will

scuttle off in search of another

place to rest its antennae. (PNAS

103:5835-40, 2006)

—N.W.A.

Catherine Chalmers,

Bathroom Window, 2004

Spectral tarsiers: vicious in mobs

Harried
by the Mob
When predators are afoot, prey have two

options: fight or flight. Defending one's cor-

ner might sound honorable, but in a world

"red in tooth and claw," honor usually ranks

somewhere below self-preservation. So why,

asked Sharon Gursky, a primatologist at

Texas A&M University in College Station,

should spectral tarsiers—tiny primates that

weigh just four ounces—risk life and limb to

face down a large and potentially lethal

snake when they could run away instead?

The spectral tarsier is a nocturnal primate

endemic to the Indonesian island of Sulawesi.

Its tree-dwelling lifestyle makes it a target for

hungry snakes. But rather than flee the scene

when they spot a snake, the tarsiers often

make loud calls that attract other tarsiers.

The growing mob can swell to as many as

ten, and the tarsiers may then spend as long

as an hour harassing the would-be predator.

Some of the pluckier primates may even dare

to strike and bite the snake. The besieged

predator typically retreats for cover, but

often not before attacking its tormentors.

Gursky observed natural interactions and

carried out experiments with tarsiers and

rubber snakes. Most of the tarsier mob,

Gursky discovered, belonged to a single so-

cial group, but adult males from other

groups—often territorial rivals—frequently

joined in, particularly when young females

were nearby. One possible explanation for

the seemingly foolhardy behavior, says

Gursky, is that it enables males to demon-

strate their prowess and hence their worth

as future mates. Faint heart never won fair

maiden. {American Journal of Physical

Anthropology, 129:601-8, 2006)

—N.W.A.
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THE MYSTERIOUS

COME FACE TO FACE WITH THE LIVES AND RITUALS OF PEOPLE

LIVING IN NORTHERN EUROPE FROM THE MESOLITHIC PERIOD
almost 12,000 years ago to the end of the 16th century and find out why the bogs

were such an important part of their daily lives. View ancient artifacts like amber jewelry,

bronze swords and one of the oldest wheels ever found in prehistoric Europe,

all remarkably preserved by the bogs.

The highlights of the exhibit are six amazing bog "mummies" including 2,000-year old

"Yde Girl" and Germany's most famous bog mummy, a horseman called "Red Franz."

Develop your own forensic techniques in the Bog Science Investigation area

and learn how to uncover the mysteries of the Bog People.

This is the last chance to see this touring exhibit in the U.S., and unique to

the Los Angeles stop, the exhibit is presented in Spanish and English.

Neural
MHistory
useum

900 Exposition Boulevard, Los Angeles, California 90007

of Los Angeles County For more information call 21 3-763-DIN0 or visit www.nhm.org/bogpec

The Mysterious BogPeoplems organized by the Drents Museum, Assen, The Netherlands, the Niedersachsisches Landesmuseum, Hannover, Germany, the Canadian Museum of Civihzattdn. GatW«.-P'Ww^&
and the Glenbow Museum, Calgary, Canada Support for the Los Angeles presentation is provided by Farmers Insurance Group. Education and family programs support is provided bv Metropolitan Water.'Qjs

Southern California and The Brotman Foundation of California. Promotional support is provided by Edison International.



NATURALIST AT LARGE

Bushels of Bots
Africa's largestfly is getting a reprievefrom extinction.

By David A. Barraclough

In
the past 125

years all five of the

world's rhinoceros spe

cies—the Indian, Javan, and

Sumatran rhinos in Asia, and the

black and white rhinos in Africa

—

nearly went extinct. And some of the

African rhinos were quite literally tak-

ing a large fly with them on their slide

toward extinction. Most people, even

in scientific circles, had no idea the fly

existed. They still don't. Certainly no

one considered conservation programs

for the fly while the rhinoceros popu-

lations were plummeting. Such a lack

of concern about threats posed to in-

sects and other invertebrates is not un-

common, but it is irresponsible. At

least 95 percent of all animal species in-

habiting the Earth are invertebrates,

and so they constitute the bulk of an-

imal diversity on the planet. Luckily

for the endangered rhinoceros fly, con-

servationists were inadvertently drawn

to its cause.

The plight ofthe big, charismatic rhi-

noceroses caught the world's attention

in the 1990s; their populations had fall-

en drastically because of poaching, the

illegal trade in their horns, and the

destruction oftheir natural habitats. To-

day in Asia, only about 2,500 Indian,

3( II i Sumatran, and sixtyJavan rhinos re-

main. Both African species, though,

have benefited greatly from sustained

and well-publicized conservation ef-

forts. The white rhinoceros, the world's

second-largest land mammal, has two

subspecies, one ofwhich lives in south-

ern Africa and now numbers more than

000. After declining to

as few as twenty indi-

viduals at the end ofthe

nineteenth century,

the southern white

rhino has become
one ofAfrica's biggest conservation suc-

cess stories. (The other white rhino, a

central African subspecies, numbered

more than 2,000 in the 1960s, but on-

ly five or ten individuals are left, mak-

ing it critically endangered.) Populations

of the black rhinoceros fell by a stagger-

ing 96 percent between 1970 and 1992;

the species is still endangered, but the

population has risen to 3,500.

Rebounding from near extinction

along with the black and white rhinos

is a large fly, commonly known as the

rhinoceros bot fly (Gyrostigma rhinoc-

erontis), which parasitizes them. The
fly has the distinction—because of its

robust appearance and body weight

—

of being the largest fly species known
in Africa.

Like other bot flies, the immature

form ofthe insect is a spiny

maggot, or bot, that bur-

rows into its host and feeds

off the host's tissues—in this

case the gut of the black or the

white rhino. After three stages,

or instars, of growth, the mag-

got worms its way out through its

host's anus and metamorphoses into a

short-lived fly that can start the cycle

Black rhinoceros (right) often hosts the larva

of the fly Gyrostigma rhinocerontis. The adult

bot fly, shown actual size on this page, is the

largest fly in Africa.

over again by laying eggs on the hide

of its host. Because G. rhinocerontis de-

pends entirely on its hosts for survival,

its numbers would have mirrored the

rise and fall of rhinoceros populations

in all parts of Africa. In some periods

of the twentieth century, it must have

been close to extinction.

About 24,000 known species of

flies, in slightly more than a hun-

dred different families, live in the

Afrotropics, a region that includes sub-

Saharan Africa, Madagascar, and asso-

ciated islands in the Atlantic and Indi-

an oceans. Beyond those species, a sub-

stantial number still await scientific

description and classification. Estimates

differ, but I would venture that at least

30,000 more African fly species remain

unknown to science.

Even within that astonishing con-

text, few entomologists would dispute

the exceptional nature—both visually

and biologically—of G. rhinocerontis, in

the family Oestridae. The largest adult

specimens grow as long as 1.6 inches,

with wingspans as wide as 2.8 inches,

making it one of Africa's most striking

fly species.

The rhinoceros bot fly was original-

ly discovered in the stomach of an

African rhinoceros more than 160

years ago. The adult form of the

species strongly resembles a

large, blackish wasp, with an djjfl

orange and reddish head

and long, slender legs

that are notably paler
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than the rest of the body. The elongat-

ed wings are brown to black and, when
the fly is at rest, run along almost the

entire length of the body [see photograph

on opposite page]. Adult flies occur in

parts of Africa where their rhinoceros

hosts live. In recent years that has meant

the grasslands and savannas ofsouthern

and East Africa, but historically the flies

and their hosts extended, except for the

Congo Basin, across most ofsub-Saha-

ran Africa. No matter the flies' range,

even the most experienced collectors

have had a tough time finding them.

Two other bot-fly species of the

genus Gyrostigma are known, and both

are exceptionally rare. One of them,

G. conjungens, was discovered in its bot

form in the belly ofa Kenyan black rhi-

noceros in 1901 , but it hasn't been col-

lected, or even seen again, since 1961.

The other rare species, G. sumatrensis,

is known only from a single bot, which

was in the late developmental stage of

the larva known as the third instar. It

was discovered in a captive Sumatran

rhinoceros and described in 1884, but

it, too, has not been seen again. No
Gyrostigma bot flies have been found in

the Indian or the Javan rhinos, but it is

not unreasonable to expect that the

intestinal parasites may eventually be

discovered in all five rhino-

ceros species.

In 1 847 the French naturalist and ex-

plorer Adulphe Delegorgue de-

scribed large numbers of bots in the

stomach of a black rhinoceros from

northeastern South Africa. He pub-

lished this vivid description ofthem in

his Voyage dans I'Afrique australe ("Trav-

els in Southern Africa"):

The Rhinoceros Africanus bicomis could well

claim the title of foster father of bots. The
imagination boggles at the quantity con-

tained in his stomach; they could be shov-

eled out in bushels. ... I am much inclined

to think that the viciousness and ill-humor

which characterize the Rhinoceros Africanus

bicomis are due simply to the presence of

thousands ot these parasites and can be com-
pared with the irritability of a man infested

with tapeworm. However, in spite of then-

numbers, which sometimes seem to exceed

all natural limits, bots do not, as far as I know,

cause the death of indigenous animals.

Delegorgue was the first ofmany to

become intrigued with the biology of

G. rhinocerontis. Brian R. Stuckenberg,

an African fly specialist who is also a

former director of South Africa's Na-
tal Museum, maintained an interest in

Gyrostigma biology throughout his

fitty-year career, continuing South

Africa's tradition as the hub ofresearch

on African bot flies. Stuckenberg took

the first ofwhat are still only a few good

photographs of living bots [see photo-

graph at top of this page]. He and other

entomologists working today, includ-

ing myself, rely heavily on the pio-

neering studies of another famous fly

taxonomist, Fritz K.E. Zumpt, who
was based in South Africa and pub-

lished his major works during the

1950s and 1960s.

What about the fly's behavior? Ob-
serving the flies in the field has been

difficult. Many of the South African

specimens studied by Zumpt and oth-

ers were not wild; rather, they were

reared from mature bots collected from

the stomachs of dead hosts. Finding

mature bots hasn't been easy, and get-

ting mature flies to lay eggs has been

even harder. Only a few large museum
collections have the luxury ot owning

an adult specimen of G. rhinocerontis,

and amateur collectors luckv enough

Stomach wall of a rhinoceros has become
pitted from the depredations of bot-fly larvae,

which parasitically feed on the rhino tissue.

The three larvae in the photograph, shown

actual size, are nearly ready to leave the rhino

gut, pupate, and emerge as adult flies.

to have caught the elusive insect prize

their specimen highly.

What makes the adult flies so hard

to collect in the field? First, the

airborne stage of their lives lasts only

three to five days, severely limiting the

collecting time. One reason the air-

borne stage is so short is that Gyrostigma

flies have rudimentary, nonfunctional

mouthparts; in fact, they probably don't

feed at all during that stage. Even
though they gorge themselves as larvae,

stored energy goes quickly when you're

flying but not eating. That could cer-

tainly account for their speedy demise.

A second reason the flies are hard to

catch is that they probably do not fly ex-

tensively by day. The evidence is con-

flicting about when the adults are most

active, and no one knows where they

spend their time when they are neither

flying nor laying eggs. Some observers

have reported them flying near their rhi-

noceros hosts on hot, sunny days in

northern KwaZulu-Natal, a province in

eastern South Africa. But some ento-

mologists think they are crepuscular, be-

coming active only at dawn or at dusk.

One explanation for the seeming

contradiction may be that the two sex-

es keep to differing schedules. I believe

that the female flies will prove to be

most active during daylight hours,

when they deposit their eggs on the

hide of their hosts, and that the males

are most active at dawn and dusk, w hen

mating may take place. I have exam-

ined the specimens in the Natal Mu-
seum's collection—the largest fly col-

lection in Africa—and all ofour field-

collected male flies w ere found at dusk.
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giving credence to the crepuscular the-

ory. But there is no solid information

available about where mating takes

place—ifthere were, the flies might be

captured or at least observed.

Finally, the flies are fairly safe from

the traps of insect collectors and ento-

mologists because even the most dar-

ing collector never gets very close to

the formidable rhinoceroses for long!

In my twenty years ofcollecting flies in

the field, I have managed to catch on-

ly one adult Qyrostigma. I was on a re-

anterior end of the bot \scc photomicro-

graph below] . There the bots feed on their

hosts' blood and tissue.

As the bot continues to eat away at

the rhino, it progresses through two

more stages ofdevelopment. At the sec-

ond instar, it is 0.8 inch long, and has

developed more prominent spines. At

the third and final instar, it reaches its

full adult length, but the most striking

feature of the third instar is the devel-

opment of large bands of spines. Each

band comprises three to four rows of

Pink bot-fly larvae in an intermediate, or second instar, stage of growth, feed

on the stomach wall of a white rhinoceros that has just died (left). The larvae

attach themselves with mouth hooks and spines, both visible in the photomi-

crograph (right), magnified 20X.

serve in northern KwaZulu-Natal ear-

ly one summer evening, and a male rhi-

no fly loudly buzzed up to a light that

I had set up in hopes of catching just

such a specimen. I knew rhinos were

in the area, but I was still surprised and

delighted by my good fortune. Flies

have been attracted to light traps in oth-

er parts of South Africa, as well; they

were captured in Kruger National Park

soon after rhinoceroses were re-intro-

duced there from KwaZulu-Natal.

The life cycle of the rhinoceros bot

fly begins when female flies de-

posit oblong-shaped eggs in crevices in

the hosts hide, apparently near the rhi-

no's horns or elsewhere on the head.

Precisely what happens next is un-

known; I think it likely that once the

eggs hatch, after about six days, the

young bots enter the rhino through its

mouth or nostrils and eventually attach

themselves to the lining of the rhino's

stomach wall. They hook into it with

spines and a pair of well-developed

mouth hooks: sicklelike structures at the

sharp spines. The spines help the bots

attach to the rhino s stomach and bur-

row into it, a process that leaves large

pits in the stomach wall. No scar tissue

seems to result from the pits, though,

so they are thought to be benign.

Unlike their adult forms, the bots of

Gyrostigma have often been found in

large numbers inside a rhinoceros's

stomach. Only once, though, have I

had the good fortune of examining

them. Parts of a freshly dead rhino,

from Pilanesberg National Park, in

northern South Africa, were couriered

to me in a parcel (I could not get to

the site in time for dissection). I found

quantities of first- and second-instar

bots still attached to the stomach wall

of the dead rhino—not "bushels" of

them, as Delegorgue described, but

certainly fifty or more.

The bots were clustered in groups.

The first instars were colored dark pink

and buried deep within the mucosal

folds of the stomach lining. The sec-

ond instars were larger, a paler shade

ofpink, and more conspicuous because
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only their front ends were embedded

in the mucosal folds. It is possible that

the bots develop rather slowly, perhaps

because they are competing with so

many other sister bots, and overstress-

ing their hosts would not be at all to

their advantage. But that hypothesis

awaits further confirmation.

Unfortunately, "my" rhinoceros

hosted no third-instar bots, so I

wasn't able to rear adult flies. Mature

third-instar bots are whitish to yellow

with irregular dark brown spots—evi-

dence of the internal changes they are

making as they prepare to pupate. G.

rliinocerontis then passes out through the

host's anus. Zumpt's research showed

that the black pupal cases do not occur

in rhinoceros dung piles, which the

males leave to advertise their presence

and rank to other rhinos. So it is like-

ly that the bots quickly burrow into the

soil beneath the dung or pass out ofthe

anus independently of defecation, bur-

rowing somewhere away from the dung

piles. After six weeks of pupating, the

adult flies emerge.

Entomologists still have much to

learn about these rare and amazing flies.

By now, the basic biology of G.

rhinocerontis has been extensively stud-

ied, but the nature of their interaction

with Africa's rhinoceros species—the

flies' exclusive hosts—still needs exten-

sive probing. No one knows what ef-

fect the presence of hundreds of bots in

the stomach has, if any, on the rhinoc-

eros's temperament. Was Delegorgue

right? Are rhinos more ornery because

of their baggage of bots? Given the

widespread, and continuing, concern

about the conservation ofboth African

rhinoceros species, that question, and

related ones, will need to be answered.

And answering them will prove useful

in the understanding ofat least two spe-

cies, notjust the more prominent one

—

whichever one that might be.

David A. Barraclough is an investigator in

Biological and Conservation Sciences at the I Uni-

versity of KwaZulu-Natal in Durban, South

Africa. He is currently taking part in a major tax-

onomic study ofSouth Africa 's tangle-veined flics,

a group important in pollination biology.
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"Unfit for Vision"
Much of the light gathered by today's telescopes is invisible.

By Neil deGrasse Tyson

Before 1800 the word "light,"

apart from its use as a verb and

an adjective, referred just to

visible light. But early that year the

English astronomer William Herschel

observed some warming that could

only have been caused by a form of

light invisible to the human eye.

Already an accomplished observer,

I lersi he I had discovered the planet

Uranus in 1781 and was now exploring

the relation between sunlight, color,

and heat. He began by placing a prism

in the path of a sunbeam. Nothing new
there. Sir Isaac New ton hat! done that

back in the 1600s, when he also named
the familiar seven colors of the visible

spectrum: red, orange, yellow, green,

blue, indigo, and violet. But Herschel

was inquisitive enough to wonder what

the temperature ofeach color might be.

So he placed thermometers in various

regions of the rainbow and showed, as

he suspected, that different colors reg-

istered different temperatures.

Such a discovery would have satisfied

most scientists, but Herschel then de-

cided to put a thermometer in the dark,

unlit area adjacent to the red end ofthe

spectrum. Lo and behold, the temper-

ature was even higher there than in the

red. Herschel had discovered "infra"

red light, the band just below red.

In the first of his four papers on the

subject published in the Royal Soci-

ety's Philosophical Transactions in 1800,

Herschel details every variation he in-

vestigated. On page 17 he writes:

[I] conclude, that the full red falls still short

ofthe maximum ofheat; which perhaps lies

even a little beyond visible refraction. In this

case, radiant heat will at least partly, if not

chiefly, consist, if I may be permitted the

expression, of invisible light; that is to say,

of rays coming from the sun, that have such

a momentum as to be unfit for vision.

Herschel's eyepopper was the astro-

nomical equivalent of Antoni van

Leeuwenhoek's discoveries with a mi-

croscope, beginning in 1 674, of "many

very little living animalcules, very pret-

tily a-moving" in the smallest drop ot

lake water. Other investigators imme-

diately took up where Herschel left off.
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In 180 1 the German physicist and phar-

macist Johann Wilhelm Ritter found

yet another band of invisible light. But

instead ofa thermometer, Ritter placed

a little pile of light-sensitive silver chlo-

ride in each visible color as well as in

the dark, unlit area next to the violet

end of the spectrum. Sure enough, the

pile in the unlit patch darkened more
than the pile in the violet patch. What's

beyond violet? "Ultra" violet.

Sky watching didn't change over-

night, though. The first telescope de-

signed to detect invisible parts of the

electromagnetic spectrum wouldn't be

built for 130 years. That's well after ra-

dio waves, X rays, and gamma rays had

been discovered, and well atter the Ger-

man physicist Heinrich Hertz had

shown that the only real difference

among the various kinds of light is the

frequency ofthe waves in each band. In

fact, credit Hertz for recognizing that

there wan electromagnetic spectrum. In

his honor, the unit offrequency for any-

thing that vibrates, including sound, has

duly been named the hertz.

Today, telescopes operate in every in-

visible part of the spectrum—from

low-frequency radio waves a dozen

meters long to high-frequency gamma
rays no longer than a quadrillionth of a

centimeter. That rich palette of light

supplies no end of astrophysical dis-

coveries. Want to peek at a stellar nurs-

ery deep inside a gas cloud? Check it

out through NASA's infrared Spitzer

Space Telescope. Want to measure the

spectrum of supermassive black holes

colliding in the center ofa galaxy? Take

aim with the Chandra X-Ray Observ-

atory. Want to watch the explosion of

a giant star, whose mass is as great as

forty suns? Catch the drama via the Eu-

ropean Space Agency's International

Gamma-Ray Astrophysics Laboratory.

A telescope is merely a tool to aug-

ment our meager senses, enabling

us to get better acquainted with faraway

places. The bigger the telescope, the

dimmer the objects it brings into view;

the more perfectly shaped its mirrors,

the sharper the image it makes; the more

sensitive its detectors, the more efficient

its observations. But in all cases, every

bit of information a telescope delivers

to the astrophysicist comes to Earth on

a beam of light.

Somehow, though, astronomers were

a bit slow to make the connection be-

tween the newfound invisible bands ot

light and the idea ofbuilding a telescope

that might detect those bands from cos-

mic sources. Surely hubris takes some of

the blame: how could the universe pos-

sibly send us light that our marvelous

eyes cannot see? For more than three

centuries—from Galileo's day until Ed-

win Hubble's—building a telescope

meant only one thing: making an in-

strument to catch visible light \scc "The

Light Brigade," by Neil deGrasse Tyson,

March 2()()6\. Celestial happenings,

however, don't limit themselves to

what's convenient for the human retina.

Instead, they emit varying amounts of

light simultaneously in multiple bands.

So, without telescopes and detectors

tuned across the spectrum, astrophysi-

cists would still be blissfully ignorant.

Take an exploding star—a supernova.

It's a cosmically common and seriously

high-energy event that generates pro-

digious quantities ofX rays. Sometimes

bursts of gamma rays and flashes of

ultraviolet accompany the explosions,

and there's never a shortage of visible

light. And long after the explosive gases

cool, the shock waves dissipate, and the

visible light fades, the supernova "rem-

nant" keeps on shining in the infrared.

Most stellar explosions take place in

distant galaxies, but if a star blows up

within our own Milky Way, its death

throes are bright enough for everyone

to see, even without a telescope. No one

on Earth saw the X rays or gamma rays

from the last two supernova spectacu-

lars hosted by our galaxy, in 1 572 and

1604, but their wondrous visible light

was widely reported.

Problem is, no single combination of

telescope and detector can see every fea-

ture ofsuch explosions, because no such

combination can see every band oflight.

In fact, the range of wavelengths that

make up each band strongly influences

the design of the hardware used to de-

tect it. For the moment, think oflight

as made up ofwaves. Each beam of light

has a measurable wavelength: the dis-

tance between consecutive crests (or

troughs) of a single wave. Only after you

identify the wavelength range of your

astronomical affections can you begin

to think about the size of your mirror,

the materials you'll need to make it, the

shape and surface it must have, and the

kind of detector you'll need.

X-ray wavelengths, for example, are

extremely short. So if you're gathering

X rays, your mirror had better be super-

smooth, lest it distort them. But ifyou're

gathering long radio waves, your mir-

ror could be made of chicken wire that

you've bent with your hands, because

the irregularities in the wire would be

much smaller than the wavelengths

you're after. Of course, you also want

plenty of detail—high resolution-—and

so your mirror should be as big as you

can afford to make it. In the end. your

telescope must be much, much wider

than the wavelength of light you aim to
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detect. And nowhere is this need more

evident than in the construction of a

radio telescope.

Radio telescopes, the earliest non-

visible-light telescopes ever built,

are an amazing species of observatory.

The American engineer Karl G. Jansky

built the first successful one between

1929 and 1930. It looked a bit like the

moving sprinkler system on a farmer-

less farm. Made from a series oftall, rec-

tangular metal frames secured with

wooden cross-supports and flooring, it

turned in place like a merry-go-round.

named Grote Reber, from Wheaton,

Illinois, built a thirty-foot-wide, metal-

dish radio telescope in his own back-

yard. In 1938, under nobody's employ,

Reber confirmedjansky's discovery, and

then spent the next five years making

low-resolution maps of the radio sky.

Reber's telescope, though without

precedent, was small and crude

by today's standards. Modern radio tele-

scopes are quite another matter. Un-
bound by backyards, they're sometimes

downright humongous. MK 1, which

began its working life in 1957, is the

The first radio telescope looked

like the mobile sprinkler system
t *i *if

on afarmeriessfarm.
1 4 J

Jansky had tuned the hundred-foot-

long contraption to a wavelength of

about fifteen meters, corresponding to

a frequency of20.5 megahertz. Jansky s

agenda, on behalfof his employer, Bell

Telephone Laboratories, was to study

any hisses from Earth-based radio

sources that might contaminate terres-

trial radio communications.

The result ofJansky s labors, "Elec-

trical Disturbances Apparently of Ex-

traterrestrial Origin," appeared in Pro-

ceedings of the Institute for Radio Engi-

neers in 1933. By spending a couple of

years painstakingly tracking and tim-

ing the static hiss that registered on his

jerry-rigged antenna, Jansky had dis-

covered that radio waves emanated not

just from regional thunderstorms but

also from the center of the Milky Way.

That region of the sky swung by the

telescope's field ofview every twenty-

three hours and fifty-six minutes: ex-

actly the period of Earth's rotation in

space and thus exactly the time need-

ed to return the galactic center to the

same angle and elevation on the sky.

With that observation, radio astron-

omy was born—minus the radio as-

tronomers. Jansky was retasked within

Bell Labs and did not pursue the fruits

ofhis own seminal discovery. Four years

later, though, a self-startinu; American

planet's first genuinely gigantic radio

telescope—a single, steerable, 250-foot-

wide, solid-steel dish at the Jodrell Bank
Observatory near Manchester, Eng-

land. A couple of months after MK 1

opened for business, the Soviet Union
launched Sputnik 1, and Jodrell Bank's

dish suddenly became just the thing to

track the little hunk of orbiting hard-

ware—making it the forerunner of to-

day's Deep Space Network for tracking

planetary space probes.

Another variety of radio telescope,

the interferometer, comprises arrays of

identical dish antennas, spread across

swaths of countryside and electronical-

ly linked to work in concert. The re-

sulting signal is a single, coherent, high-

resolution image of radio-emitting cos-

mic objects. Although "supersize me"
was the unwritten motto for telescopes

long before the fast-food industry co-

opted the slogan, recent radio interfer-

ometers form ajumbo class unto them-

selves. They include the Very Large Ar-

ray, with twenty-seven eighty-two-foot

dishes positioned on tracks crossing

twenty-two miles of desert plains near

Socorro, New Mexico; the Very Long

Baseline Array, with ten eighty-two-

foot dishes spanning 5,000 miles from

Hawai'i to the Virgin Islands; and the

Giant Metrewave Radio Telescope,

thirty 148-foot lightweight mesh dish-

es spanning sixteen miles of arid plains

east ofMumbai, India. In the past dec-

ade, those engineering marvels have un-

veiled stunning phenomena in our own
galaxy. One, announced this past Feb-

ruary, is a young star 500 light-years

from Earth that's ringed by an inner disk

of dust orbiting one way and an outer

disk orbiting the opposite way. Anoth-

er is a pulsar speeding out of our galaxy

fast enough to travel from New York to

London in five seconds.

And just wait until the sixty-four an-

tennas of ALMA, the Atacama Large

Millimeter Array, start observing from

the remote Andes of northern Chile.

Tuned for microwaves, whose wave-

lengths (the second longest, after radio

waves) range from fractions of a milli-

meter to several centimeters, ALMA
will give astrophysicists high-resolution

access to categories ofcosmic action un-

seen in other bands. ALMA's location

is, by intention, the most arid landscape

on Earth—three miles above sea level

and well above the wettest clouds. Wa-
ter may be fine for microwave chefs but

it's bad for astrophysicists, because the

water vapor in Earth's atmosphere

chews up pristine microwave signals

from across the galaxy and beyond.

All those (and other, yet-to-be-

built) arrays will give astrophysicists a

strikingly better look at known objects

and phenomena. In addition, the ar-

rays will help answer some big out-

standing questions, such as what dark

matter is made of, what dark energy

might be, and how galaxy clusters have

evolved since birth. Testing the funda-

mental tenets of Einstein's general rel-

ativity is also in the cards.

At the ultrashort-wavelength end of

the electromagnetic spectrum are

high-frequency, high-energy gamma
rays, whose wavelengths are measured

in picometers. Discovered in 1900, they

were presumed as early as the 1940s to

be of cosmic origin. But no one actu-

ally detected them from space until a

new kind oftelescope was placed aboard

NASA's Explorer XI satellite in 1 961

.

Anybody who's watched too many
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sci-fi movies knows that gamma rays are

bad for you. They're also hard to trap,

because they pass right through lenses

and mirrors. How, then, to observe

them? The guts of Explorer XTs tele-

scope held a device called a scintillator,

which responds to an incoming gamma
ray by pumping out electrically charged

particles. By measuring the energies of

the particles, you can tell what kind of

radiation created them. During the four

months that Explorer XI tumbled

through space, its telescope gathered

data for twenty-three days and snared

twenty-two certified gamma-ray hits.

Two years later the Soviet Union, the

United Kingdom, and the United

States signed the Limited Test Ban
Treaty, which prohibited nuclear test-

ing in the atmosphere, in space, and

underwater. The Cold War was on, and

so, to monitor the Soviets, the US. de-

ployed a new series of satellites, the I c-

las, to scan for the invisible light that

would result from aboveground nuclear

tests. What the satellites found instead

were almost daily bursts ofgamma rays,

later shown to be the calling card ofdis-

tant stellar explosions.

During the 1990s NASA began its

Great Observatories program: four

state-of-the-science spaceborne tele-

scopes, each covering a chunk of the

electromagnetic spectrum that does not

fully penetrate, or is otherwise altered

by, Earth's atmosphere. The first was the

Hubble Space Telescope, which detects

primarily visible and ultraviolet light.

The second, which operated until June

2000, was the Compton Gamma Ray
Observatory. The third and fourth—the

Chandra X-Ray Observatory and the

Spitzer Space Telescope, for infrared

—

are, like the Hubble, still operating. As

for radio telescopes, the big ones don't

fit into contemporary spacecraft. Fortu-

nately Earth's atmosphere is transparent

to most radio waves, so radio telescopes

needn't be spaceborne to do good work.

While still taking data, the Compton
Observatory saw something as unex-

pected as the Velas discoveries: gamma

rays right near Earth's surface. Turns out,

as is evident from the fact that you're

reading this sentence, that not all bursts

of gamma rays are equally lethal [see

"Knock 'Em Dead," by Neil deGrasse

Tyson, May 2005], nor are they all of

cosmic origin. In fact, a team of gam-

ma-ray sleuths recently concluded that

at least fifty bursts emanate daily near the

tops ofthunderclouds, a split second be-

fore ordinary lightning bolts strike.

Despite all the mind-blowing dis-

coveries made at nonvisible

wavelengths, visible-light instruments

still have the power to shock and awe.

In September 2005, astrophysicists us-

ing the Visible Multi-Object Spectro-

graph of the European Southern Ob-
servatory's Very Large Telescope array

announced they had found a group of

galaxies some 13.5 billion light-years

from the Milky Way. A more distant

object has never been seen. Nothing

has ever been observed from so long

ago, mere moments after the beginning

of what we all know as time.

Yearning to see the universe for what

it is—a stupendously rich collection of

objects and phenomena waiting to be

understood—today's astrophysicists

have armed themselves with telescopes

strategically positioned across the elec-

tromagnetic spectrum. Newton wasn't

thus equipped. In thirty-one unan-

swered Queries appended to later edi-

tions of his Opticks: Or, A Treatise of the

Reflections, Refractions, Inflections and

Colours ofLight, first published in 1704,

he deeply pondered the unexplained na-

ture of nature. At the end of Query 25

he asks "whether the Rays have not

more original Properties than are yet dis-

cover'd." Comprehensive though it was,

Opticks explored only the visible spec-

trum. Little could Newton have known
how many more Properties were as yet

undreamt of in his philosophy.

Astrophysicist Neil deGmsse Tyson is the

director ofthe Hoyden Planetarium at the Amer-

ican Museum ofNatural History. An anthology

ofhis Natural History essays, Death by Black

Hole: And Other Cosmic Quandaries, mil

he published this year by W.W. Norton.
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Toueh As Shells

A promising candidate for artificial bone

By Adam Summers ~ Illustrations by Tom Moore

Nacre, the tough material

of most shells, is made up of layers

of calcium carbonate interleaved with

layers of organic glue. This cross section of

nacre is magnified 2,750X.

pelvises, the material might be just

what the doctor ordered. Nacre is

more similar to bone, and would

likely make a better match, than tita-

nium or stainless steel, when a new
joint is needed for an aging hip or a

demolished elbow.

Biomimetics, the art and sci-

ence of transferring biological

designs into the realm of hu-

man use, is far from a straightforward

process. The path from theory to

product tends to be so convoluted

that only a handful of biomimetic

products are commercially viable

—

Velcro sticks out as a rare success.

One of the holy grails of biomimetics

is artificial bone, which promises to

be both useful and marketable. After

all, baby boomers are rapidly losing,

breaking, and wearing down their

natural supply; the demand for re-

placement bone within their genera-

tion alone is high enough that bio-

mimeticists would turn nature inside

out to find a solution.

It so happens that nacre, the brick

and mortar of most mollusk shells,

can take quite a beating—which is

why such otherwise defenseless, soft-

bodied creatures go to the trouble of

making the stuff. Nacre is mainly

made of a ceramic, a hard nonmetal-

lic mineral—calcium carbonate in

this case. What's intriguing is that

unlike your favorite coffee mug or

run-of-the-mill grail, nacre is a ce-

ramic that is unusually tough. Typi-

cally the smallest crack in a ceramic

object races through the brittle struc-

ture to cause a full-blown failure.

You may have noticed how seldom

you find a mug or a plate that's near-

ly, but not completely, broken.

But nacre is not a simple or homo-
geneous piece of clay. Rather, like

my favorite pastry, the napoleon,

nacre is made of thin sheets of

ceramic interleaved with even thin-

ner sheets of organic glue. Although

one ceramic sheet is easy to fracture,

the crack stops when it hits the gluey

interface, and more energy must be

spent to start the crack in the next

layer [see micrograph at top ofpage]. In-

cidentally, those thin sheets are about

the same thickness as wavelengths of

visible light, which explains why the

insides of abalone shells—made of

nacre—reflect a rainbow of colors.

As it happens, your skeleton, too,

is made up largely of a ceramic: hy-

droxyapatite. When it's healthy, it

doesn't shatter nearly as easily as a

cup or a bowl either. That is because

an organized network of collagen

fibers toughens the bone, and a lat-

tice of little struts forms a spongy,

energy-dissipating framework for

most of your bones. If nacre could be

sculpted into the shape of patellas or

Unfortunately, although the struc-

ture and remarkable properties

of nacre have been known for thirty

years, the simplicity of the material

is deceptive. So far no one has been

able to make synthetic nacre. Most

attempts have focused on alternating a

layer of ceramic with a wash of glue,

and repeating that ad nauseum. The
process ends up with a nacrelike

material, but the thickness of the

ceramic layers is hard to control, and

it takes thousands of cycles to produce

a slab of appreciable heft. More
important, the interface between glue

and ceramic—so critical in stopping

cracks from propagating through a

natural shell—has proved extremely

hard to copy from nature. Ceramic

bone implants currently on the mar-

ket apparently wear well, but they are

more brittle than healthy bone.

Another approach now seems much
more promising. Antoni P. Tomsia, a

materials scientist at the Lawrence

Berkeley National Laboratory in Cali-

fornia, and his team have taken advan-

tage of the properties of freezing wa-

ter to make a finely layered composite

that's amazingly tough. Two such

properties, seemingly irrelevant to

making bone, led to the new tech-
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nique for fabricating nacre. First, sea-

water doesn't freeze uniformly: pure

water crystals segregate themselves

from salt and other suspended impuri-

ties. Second, the growth of this pure

ice can be controlled to produce

broad, flat crystals; the crystals natural-

ly organize themselves in such a way

that distinct layers of pure water-ice

crystals and layers of salt or other par-

ticles are formed. The result looks a

that span the spaces left behind by the

sublimated ice add support, and a

quick blast of heat—not unlike the

firing of clay in a kiln—further

strengthens the lattice. Finally, an

epoxy is added to the dried block of

hydroxyapatite in a vacuum; the

epoxy infiltrates the spaces between

the plates where the ice used to be

and mimics the organic glue layer of

nacre [sec diagrams below].

t ft ft ft ft ft

Artificial nacre can be made by freezing a slurry of water and ceramic particles,

which forces the particles into distinct layers between growing, self-organizing

ice crystals (see schematic diagram, above left). The pure ice crystals are

freeze-dried, leaving vertical voids between pillars of ceramic (above middle).

Glue is then forced into the voids and allowed to harden (above right). The

final product, shown in the photomicrograph at right, approaches natural nacre

in strength and toughness, but the layers of the natural substance are

substantially thinner. The photomicrograph is magnified 260X.

lot like nacre but on a much larger

scale. Tomsia's team discovered that by

increasing the rate at which water

freezes, they could make the layering

progressively finer.

To make synthetic bone, the team

adds granules of hydroxyapatite to the

water, then freezes the mixture at a

very low temperature. The result is a

finely layered composite of ice and

mineral. Now they can remove the

water by freeze-drying the composite,

which leaves a complex, layered struc-

ture of hydroxyapatite. The structure

has rough surfaces, as does natural

nacre. Some hydroxyapatite granules

One advantage of Tomsia's system is

that the final product closely matches

the shape of the freezing container.

That makes it possible to mold the

blocks according to the bone that

must be replaced. Furthermore, since

varying the freezing rate can change

the thickness of the layers, composites

can be formed that have, say, a core

that is more dense than its shell. Un-
fortunately, a practical method of

making this material in bulk and

molding it to exact specifications has

yet to be tested. Tomsia's group is also

working to achieve even thinner layers

in their faux nacre.

Nature offers an infinite variety of

biological designs, free for the

taking. But exploiting nature's solu-

tions to structural problems requires a

team with disparate talents and a large

dose of patience. Bone continues to

pose a challenge to bioengineers and

biomechanists. As Tomsia's method

and other competing products take

the stage, I wish them all the time-

honored words of good luck: "Break

a leg." And if someday the phrase

turns from theatrical encouragement

into literal description, I might find

myself very grateful to be patched up

with the architectural stuff of seashells

Adam Summers (asummers@uci.edu) is

an assistant professor of bictngmetnnz md oj

ecology ami evolutionary biology at the I 'ni-

rersity of California, Iruine.

June 2006 NATURAL HISTORY



PERU
PERU'S ASTOUNDING VARIETY OF CLIMATES AND

ECOSYSTEMS MAKES IT ONE OF THE "MEGADIVERSE" COUNTRIES

OF THE WORLD. HERE, YOU'LL FIND 84 OF THE 104

ECOLOGICAL LIFE ZONES EXISTING AROUND THE PLANET

PERU IS HOME TO ANCIENT CULTURES
and a rich colonial tradition, and nature lovers

know it is one of Earth's most biodiverse places.

It has nearly 20 percent of the world's birds and

10 percent of the world's reptiles, and it has set

aside 13 percent of its territory into protected

natural areas.

Start your trip in the colonial cities of Lima or

Cusco, which have numerous historical sites, all the

sophistication and luxuries of modern urban cen-

t l i s, and can serve as the base for further adventures.

You might explore the Nazca lines, take a boat ride

on Lake Titicaca, or hike along ancient Incan paths

in the Andes. Prom Cusco, you will want to see the

spectacular ruins of Machu Picchu, about forty

miles northwest of the city. Constructed between

AD 1460 and 1470, and including about 200

buildings, Machu Picchu must have served as an

Incan royal estate or religious retreat. Cusco is also a

good starting point for a trip across the Andes to

the Amazon, where you can spend a few days explor-

ing Manu National Park. The park comprises the

watershed of the Manu River, which flows along an

extraordinary range of altitudes, from the high

Andean plain down to the Amazon Basin. Manu is

home to 20,000 plant varieties, 1,200 butterfly

species, 1 ,000 bird species, 200 species of mam-

mals, and countless reptiles, amphibians, and insects.



IVru is home to (en

national parks,

nearly 10 percent

of tin 1 world's

mammals and
reptiles, and more
than 20 percent

of its birds.

In the Manu rain forest, look for

rare species such as the giant otter

and the giant armadillo, and jaguars,

which are often sighted here.

A more out of the way but spec-

tacularly beautiful national park is

Mount Huascaran. Set in the Andes

Mountains' Cordillera Blanca, the

world's highest tropical mountain

range, the park includes the moun-

tain of the same name, which tow-

ers at over 22,000 feet, as well as 26

other snow-capped peaks over

19,000 feet tall. Its 120 glacial

lakes, glaciers, rivers, deep ravines,

thermal springs, and varied vegeta-

tion—from humid montane forest

to alpine tundra to puna plateaus—are home to the

spectacled bear, the puma, vicuna, and North

Andean huemul, a rare type of deer; notable birds

include the Andean condor, giant hummingbird,

and cordillera hawk. Allow yourself a few days here

to acclimate to the high altitude.

Also off the beaten track but worthwhile is the

Cerros de Amotape National Park in northwestern

Peru. The park protects the vast equatorial dry

forests of the Amotape Cordillera and its surround-

ing valleys, once intensely harvested for their valu-

able hardwoods, and tropical Pacific forests. The

park shelters two endangered species on the brink of

extinction: the American crocodile and the north-

eastern otter. It's also home to Tumbes howler mon-

keys, ocelots, and more than 100 bird species, many

of which are endemic, such as the white-winged

guan and the northern magpie.

No matter how far-flung your destinations, Peru

is easy to visit and travel in, thanks to its highly

developed transportation network and hotel infra-

structure. It has 36 airports, and 9 ol these are inter-

national. I -or more information, visit www.peru.info.

yLjy' /v.

Left: Machu Picchu. Top:

Condor about to land on the

Andes: Incan wall in Cusco:

stack of colorful traditional

Peruvian fabrics at a market

in Pisac
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Origins

of Floral Diversity
A quarter-million flowering plants attest to a highly flexible

developmental recipe. Plant biologists have now proposed

a genetic model that may accountfor the profusion offloralforms.

By Amy L/'tt

Colorful petals, sweet perfumes, and delicate

shapes make flowers a delight to the senses.

Each of the 250,000 species of flowering

plants—the plant division known as angiosperms

—

makes a distinct flower, and the resultant diversity

boggles the mind. Showy, exuberant flowers—roses,

lilies, orchids—catch peoples attention, but many
plants flower without making such a fuss of it: think

of the oaks, maples, and grasses. Flowers may grow

singly, as tulips do, or with companions on a com-

mon stem, called an inflorescence, as the banksia

does [see rightmost photograph on opposite page]. They
may be radially or bilaterally symmetrical, tubular in

form or dish-shaped. Flowers may lack one or an-

other kind of organ altogether (poinsettias, for in-

stance, lack petals—their showy display is formed

out of modified leaves that eclipse small, petalless

flowers), or yield a profusion of them. Each kind of

organ, moreover, may be fused or separate, standard

issue or tricked out to entice a specific pollinator.

Petals may be fringed, spiky, or spurred; stamens

may be stiff, droopy, or jiggly; the variations go on

and on. Most people are content to take pleasure in

the sheer abundance and variety of flowers, but we
evolutionary botanists are less easily gratified. What
is the origin of such extraordinary diversity of

flower form, we wonder? What is the genetic basis

of all this evolutionary innovation?

Flowers exhibit lavish variety in shape and color, as well as in the number and

arrangement of their organs. The flowers pictured here, not all shown to the

same scale, suggest some of that diversity. They are (left to right): passionflower,

tulip, Queen Anne's lace (in background, throughout), poppy, tulip, thistle,

chrysanthemum, and banksia. What may appear to be a single flower in Queen



All flowers—large or small, gaudy or spare—fol-

low the same basic steps as they form. Each starts oft

as a floral meristem, a mound of rudimentary, un-

specialized cells—the plant equivalents of embryonic

stem cells. Meristems are made up offour concentric

circular regions, or whorls; each whorl develops into

one kind of flower organ. The outer whorl becomes

the sepals. The next whorl in becomes the petals.

The two innermost whorls become the reproductive

organs: the male stamens, which make pollen, then

the female carpels, which enclose egg-containing

ovules, at the flowers center.

Since the multitude of flower forms are all built

according to that plan, it seems reasonable to sup-

pose that a standard set of genetic instructions di-

rects the basic program ot flower-organ develop-

ment, with variations on those instructions specific

to the roses, the lilies, and the rest of the great

bouquet. Thus two questions propel the work of

the evolutionary botanist: What are those basic in-

structions, and what are the variations?

The most widely accepted account of the basic

instructions for flower-organ development is

known as the ABC model. The name comes from

the three roles (called A, B, and C) that genes are

thought to play in directing how the mass of floral-

meristem cells grows and specializes into sepals,

petals, stamens, and carpels. The genes in question

are transcription factors, a powerful kind of gene

that all organisms possess, from bacteria on up the

evolutionary ladder. The power of a transcription

factor is that it can control other genes by turning

them on or oft". Thus the activation of one tran-

scription factor in a cell can initiate entire cascades

of molecular activity in that cell.

One important role of transcription factors is to

determine the fate of an immature cell. They do so

by setting in motion chemical activity that changes

the immature cell into a muscle cell or a liver cell, a

petal cell or a pollen cell. Furthermore, many of the

genes that control flower formation are a particular

kind of transcription factor known as a M4DS-box
gene. MADS-box genes control the identity and

structure of many plant organs, just as Hox genes

control body-plan development in animals [see "The

Origins ofForm," by Sean B. Carroll, November 2005].

Since transcription factors are so powerful, evo-

lutionary changes in them can lead to dramatic

changes in a species. And sure enough, the main

transcription factors that play a role in flower for-

mation have undergone a great deal of evolutionary

change and proliferation, which accounts for much
of the floral diversity among the angiosperms.

One kind of evolutionary change, the duplication

of genes, appears to have been particularly impor-

tant. My work with Vivian F. Irish, a plant biologist

at Yale University, has revealed numerous instances

of gene duplication in the evolutionary history of

one flower-forming gene lineage. It even hints at

the origin of the first flower. Finally, it suggests that

Arabidopsis thaliana, the plain little member of the

mustard family that provided most of the evidence

for the ABC model, may turn out to be unusual in

the way it makes its flowers. That discovery, to-

gether with others, shows that the ABC model

—

and thus the evolutionary botanist's understanding

of the basic instructions for flower-organ develop-

ment—must now be modified.

The ABC model of flower-organ develop-

ment was articulated in 1991 by two plant

biologists, Enrico Coen of the John Innes
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Centre in Norwich, England, and Elliot M.
Meyerowitz of Caltech. The evidence for the model

came from genes identified in two distantly related

species, arabidopsis and snapdragon. (Arabidopsis is

the plant biologist's counterpart to the zoologist's

fruit fly, the most important plant studied in the lab-

oratory as a model. In 2000 it became the first plant

to have its genome sequenced.)

According to the ABC model, genes that, col-

lectively, carry out three functions, A, B, and C,

Oddly, the species that serves as an experimental

model for the entire plant kingdom appears to be

unique in the way it makes its flowers.

must all be active in the floral meristem to form

the four kinds of flower organs. Genes that carry

out function A act in the sepal and petal whorls of

the meristem; genes that carry out function C act

in the stamen and carpel whorls; and genes that

carry out function B straddle the two, acting in the

petal and stamen whorls. Thus, A genes form

sepals, A and B genes together form petals, B and

C genes together form stamens, and C genes form

carpels [see diagram on page 39].

That's how the ABC model answers the evolu-

tionary botanist's first question, What are the basic

instructions for flower-organ formation? It also ad-

dresses parts of the second question: What are the

variations in the instructions for diverse kinds of

flowers? Although it does not explain variation in

flower size, color, or symmetry, it does explain vari-

ation in flower form.

For example, the ABC model predicts that if a

plant's C genes are inactivated, its A genes will be-

come active throughout the developing meristem.

With no C genes, stamens and carpels cannot

form, but additional whorls of petals and sepals

will take their place as the A and B genes exert

their effects on the inner two meristem whorls. C
genes also tell the flower to cease making new or-

gans; without C genes, the pattern of sepal-petal-

Arabidopsis thaliana (rightmost flower at right) is the plant of choice for labora-

tory study, the "fruit fly" of the plant kingdom. Its small size, short, six-week life

cycle, and simple genome make it relatively easy for investigators to manipulate.

All plant species possess genes related to an arabidopsis gene called AP1. Those

genes may have played an important role in the evolution of flowers with organs

arranged in concentric whorls, such as arabidopsis and morning glory (far right of

opposite page), from flowers with spirally arranged organs, such as water lily

(center flower at right). Snapdragon (leftmost flower at right) is another com-

monly studied plant. Genetic evidence from snapdragon and arabidopsis under-

lay the first widely accepted genetic model of how flower organs develop, the

ABC model. The flowers are not all shown to the same scale.
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petal may repeat itself several times. That is exactly

what takes place when the C genes in arabidopsis

are experimentally inactivated. Cultivated roses

and carnations, too, have extra whorls of petals in

place of at least some of their reproductive organs,

and plant biologists hypothesize that the change

results from inactive C genes, in line with the

ABC model.

Changes in the activity of A, B, and C genes

have also been posited to explain other flower

forms that don't conform to the standard

sepal-petal-stamen-carpel construction.

Lilies and tulips, for instance, have two

whorls of petals instead of one whorl of

sepals and one whorl of petals. The ABC
model explains the double petals as a mu-
tation in which B genes become active in

the outer whorl of the meristem, where A genes

usually act alone. When A and B genes both act in

the outer two regions of the meristem, two whorls

of petals form.

Explaining flower formation in two distantly re-

lated species with strikingly different flowers

—

snapdragons are showy, tubular, and

bilaterally symmetrical, whereas

arabidopsis flowers are

inconspicuous, dish-shaped,

and radially symmetrical

—

was an impressive

achievement. That a single

model could account for

flower development

in two plants so differ-

ent from each other gave it

great weight. And the ABC
model has proved an in-

X



valuable tool for analyzing the genetic basis offlower

development in many other species, as well.

But as powerful and useful as the ABC model is,

flower forms are more complicated than ABC.
In recent years several discoveries have forced plant

biologists to reevaluate the model. First, new genes

were discovered that are necessary for flower organs

to form, but that have a different function than A,

B, or C genes. In 2000 Soraya Pelaz and Martin F.

Yanofsky, both plant biologists at the University of

California, San Diego, and several colleagues dis-

covered three closely related genes (called SEPAL-

LATA) in arabidopsis that were needed for petals,

stamens, and carpels to form. Without the SEPAL-

LATA genes, sepals grow in all four flower whorls.

The investigators designated the new function E (D

had already been applied to an aspect of ovule for-

mation), and concluded that E genes join A, B, and

C genes as the parties responsible for forming the

inner three flower whorls.

Then, in 2001, Takashi Honma and Koji Goto,

both plant biologists at Kyoto Uni-

versity in Japan, discovered that when
A, B, and E genes are all activated during

leaf development, a petal forms in-

stead of a leaf. This discov-

, ery, in addition to con-

firming the E function in

flower formation, provided the

first experimental evidence for one

of the oldest and best-known

theories in botany. In 1790 the

German philosopher, poet, and

polymath Johann Wolfgang von

Goethe outlined his theory that

all plant parts—and flower

parts in particular—are

actually modified

leaves. Thus the dis-

covery of E genes

showed that, as

Goethe aphorized two centuries ago, "Alles ist Blatt"

(all is leaf).

Another challenge to the ABC model is its failure to

identify genes that perform function A in species other

than arabidopsis. B, C, and E genes, however, have

been confirmed in other species. Oddly, the species

that serves as an experimental model for the entire

plant kingdom appears to be unique in havingA genes

(a condition it most likely shares with other members

of the mustard family). Why should that be so?

The evidence points to a phenomenon known
as gene duplication. Throughout evolution, it has

been extremely common for groups of genes, or

even an organism's entire genome, to double, giv-

ing rise to two copies of every duplicated gene.

The copies are usually unnecessary, and

often they are simply lost. Sometimes,

however, the "new" copy, since it

serves no critical function, can ac-

cumulate mutations, or random
changes, in its DNA sequence.

Most of the mutations render a

gene copy useless, or even harm-

ful, but in some cases they give a

gene new capabilities. Occasion-

ally, they may even bring about

profound changes—perhaps a new
flower form, or even a brand-new spe-

cies. Over time, in fact, gene duplication has pro-

vided the genetic raw material for the evolution of

diversity and complexity. The /I, B, C, and E genes,

for instance, have all undergone multiple duplica-

tions during their evolutionary history. Since these

genes are transcription factors that turn molecular

cascades on and off, their duplications may have

been particularly important in the evolution ofnew
flower forms.

Duplications in the evolutionary history of the

A genes may explain why arabidopsis (and

probably other mustards) is alone among flowering

plants in having A genes. When an A gene called

APETALA1 (API for short) is experimentally inacti-

vated, stamens and carpels form normally But in-

stead of sepals, modified leaves grow, and instead of

petals, there are branches bearing additional unusual

flowers. The pattern of branching flowers growing

from other branching flowers repeats several times.

The role of API in forming sepals and petals in

arabidopsis is largely responsible for introducing the

concept of A genes. In other species, genes homol-

ogous to API—genes, that is, that share a common
ancestor with API—do not perform the same role.

Even in the snapdragon, the other species on which

the ABC model was based, the .-I/'/ homolosue,

Morning

glory

June 2006 NATUH.AI HISTORY 37



which is called SQUAMOSA, does not carry out

function A. Inactivating the SQUAMOSA gene leads

to fewer flowers and more inflorescence branching

in the snapdragon, but it does not interfere with the

formation of sepals or petals.

Why should API in arabidopsis act differently

than its homologues do in other species? Vivian

Irish and I examined API, SQUAMOSA, and their

homologues in fifty-four disparate angiosperm

species, then constructed an evolutionary tree of

all the homologues. The tree showed at what point

gene duplications had taken place during the evo-

lution of flowering plants, much the way the evo-

lutionary tree of a family of animal or plant species

shows at what point new species arise.

We discovered that an important genetic duplica-

tion had taken place in a large assemblage of related

species called the core eudicots. Many familiar

plants belong to the core eudicots, including arabi-

dopsis, daisies, oaks, roses, snapdragons, and toma-

toes. Because of the gene duplication, all the species

of core eudicots carry API homologues that belong

to two groups; for simplicity, I'll call them group X
and group Y. The API gene of arabidopsis and the

SQUAMOSA gene of the snapdragon belong to

group X. The other homologues fall into group Y,

in which we also discovered a second doubling.

That brings the total number of predicted AP I ho-

mologues in the genome of each species of core eu-

dicots to three: one homologue from group X and

two from group Y.

But the mustard family, including arabidopsis, is

different from other eudicots. Mustards, it seems,

have lost one gene from group Y, and duplicated

API itself, the gene from group X. Thus, ara-

bidopsis still has three API homologues, like the

other core eudicots, but two belong to group X
and only one belongs to group Y. Because copies

of genes can take on new roles, it is likely that the

group X genes and the group Y gene in arabidop-

sis have divvied up the tasks of

flower formation differently than

the three API homologue genes

have in other core eudicots.

That probably explains why
API acts differently in ara-

bidopsis than its homo-
logues do in other species.

Bird of paradise
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Thus, the evolutionary history of the API ho-

mologues shows that the A part of the ABC
model may exist only in the mustard family. But a

closer look at the evidence suggests that the A part

may not even exist there. The API gene in ara-

bidopsis performs not just the official role ascribed

to A genes, forming petals and sepals. API also

plays a more basic role, one that is outside the

scope of the ABC model: directing the meristem

to form a flower. Recall that, as I mentioned ear-

lier, when API is experimentally inactivated, leaves

and branches form instead of sepals and petals. The
resulting structure resembles a branched inflores-

cence more than it does a flower.

The other two API homologues in arabidopsis

also share in directing the meristem to form a

flower. For example, if API and the other gene

belonging to group X, which is called CAULI-

FLOWER, are inactivated, flowers just don't form.

Instead, the inflorescence proliferates a dense head

of branches, like a tiny cauliflower. In fact, a study

of cultivated cauliflower (also a member of the

mustard family) has shown that a defect in its ho-

mologue of the CAULIFLOWER gene is probably

responsible for the characteristic dense white curds.

In species outside the mustard family, when API
homologues are inactivated, only the sepals, and not

the petals, often fail to form properly. But in nearly

all species, the inactivation reduces flowering and

increases branching. That finding is strong evidence

that the fundamental role ofAP I homologue genes

is helping direct the flower to form in the first

place—not directing sepal and petal formation. API
homologues are therefore more accurately de-

scribed as floral-meristem-identity genes—genes

that direct a meristem to become a flower.

In fact, it appears that whenever sepals fail to

form properly, flowering itself is reduced. Forming

flowers and forming sepals, therefore, seem to be

controlled by the same API homologues, acting

early in the development of the meristem. Once
the API homologues (with the help of several

other floral-meristem-identity genes) instruct an

early meristem to grow into a flower, the forma-

tion of sepals is also set in motion. Later, in the de-

veloping floral meristem, B, C, and E genes kick

in to make petals, stamens, and carpels.

In short, no genes divvy

up the developmental work in

way function A was originally de-

fined. Furthermore, the genes that were

thought to provide function A
act well before the organs

begin to specialize, during a

developmental stage that the model



Several whorls of petals

replace stamens and carpels

ABC model

Cultivated rose

BCE model

ABC model of flower-organ development is contrasted with the proposed BCE model, in this

schematic diagram of the genetic blueprint for three common flower forms. According to the ABC
model, genes with three different functions (A, B, and C) act in concentric rings, or whorls, of cells

within a floral meristem. (A floral meristem is a mass of undifferentiated cells that grows into a flower;

it is not depicted to scale in the diagram.) The genes that act in a given whorl of a floral meristem de-

termine which kind of organ (sepal, petal, stamen, or carpel) the whorl grows into. In the ABC model,

genes with function A in the outer whorl build sepals; A and B genes in the second whorl produce

petals; B and C genes in the third whorl produce stamens; and C genes in the center of the meristem

produce carpels. Botanists think that flowers such as lilies, with a set of petals instead of sepals, result

from a mutation in which B genes act in the meristem's outer whorl. Flowers with several sets of petals

instead of stamens and carpels, such as cultivated roses, are thought to result from a mutation that

makes C genes inactive. Recently another set of genes was identified that is necessary for the growth

of petals, stamens, and carpels: genes with the so-called function E. That discovery, along with evi-

dence that casts doubt on the very existence of function A, has called the ABC model into question.

The proposed BCE model posits that sepals form under the direction of the same genes that tell early

meristems to grow into flowers: the floral-meristem-identity genes.

| Function A genes

] Function B genes

] Function C genes

| Function E genes

Floral-meristem-
mH identity genes
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does not address. Since the function A job

of building both sepals and petals in the

developing meristem does not exist, and

since E genes are now known to be

necessary for flower organs to

form, the ABC model gets

rewritten as BCE.
t^. It is worth mentioning that in

1990, shortly before the ABC
model was published, Zsuzsanna

Schwarz-Sommer, a plant biologist at

the Max Planck Institute for Plant

Breeding Research in Cologne, Ger-

many, and several colleagues published

a two-gene model ot flower formation.

Those two genes have since been designated B and

C genes. Although it received considerably less at-

tention at the time than the ABC model, Schwarz-

Sommer's theory clearly anticipated the BCE model

in recognizing that no special gene function was

needed for sepal formation.

Although API homologues may not play ex-

actly the same role of sepal- and petal-build-

ing in the meristem for which API became well

known, it is likely that they have had other impor-

tant roles in floral evolution. The duplication that

gave rise to group X and group Y in the core eudi-

cots may have been important in standardizing

flower construction. In some species that are more

ancient than the core eudicots, such as magnolias or

water lilies, flower parts are arranged in one contin-

uous spiral. Some spiral flowers, such as water lilies,

have transitional organs that are partway between a

sepal and a petal, or between a petal and a stamen.

But within the core eudicots, flowers arrange

their parts in discrete, concentric whorls, and none

have transitional organs. It was probably the

whorled arrangement that led to the tremendous

floral elaboration and innovation in the core eudi-

cots (not to mention other plant groups with

whorled flowers). Whorled flowers simply have

more evolutionary flexibility than spiral flowers.

Whorled flowers can abandon the radial symmetry

of arabidopsis for the bilateral symmetry of snap-

dragon. Whorled petals can fuse to form tubes, as in

morning glory, and stamens can fuse to petals, as in

mint flowers. New organs, such as the colorful fila-

ments between the stamens and petals of a passion-

flower, can arise between whorls.

In arabidopsis, API is required for the transition

from a branched inflorescence, whose branches bear

spirally arranged leaves, to a flower, which bears

whorled parts. The duplication that gave rise to

group X and group Y, followed by the acquisition of

new functions in group X, may likewise have pro-

vided the genetic instructions for whorled flowers

in the core eudicots—and set the stage for the ex-

plosion of flower forms within this group.

Even earlier, AP1 homologues, as well as SEPAL-

LATA homologues (the £ genes), may have played a

role in the origin of the first flower around 150

million years ago. Charles Darwin called the origin

of the flower an "abominable mystery," and it

stumps evolutionary botanists to this day. Gym-
nosperms have B and C genes, which help build

the male and female parts of their reproductive

cones. When the first angiosperm evolved from the

gymnosperms, it most likely incorporated B and C
genes into its flowers. But no API or SEPALLATA
homologues have been detected in gymno-
sperms—they appeared when the flowering plants

appeared. Those two gene lineages are closely re-

lated, and probably arose via gene duplications that

took place within a short time period. Since API
homologues are required for a meristem to form a

flower, it's conceivable that they assisted in the evo-

lution of the first flowers.

Genes account for the stunning diversity of

form and function among flowers—and in

the natural world at large, for that matter. Plants

and animals have many more genes than do simpler

organisms: both arabidopsis and people have about

25,000 genes, compared to the 3,000 in bacteria.

Much of the rise in the num-
ber of genes that accom- \ ^ / a 0-«

panies increasing com- - h

plexity, it is now be-

coming clear, arose

from duplications in

all or part of the ge-

nome. Such duplica-

tions have peppered

the evolutionary history

of most organisms.

More genes, of course,

imply more opportunities for mutations, and more

opportunities for new forms and functions to

evolve. Moreover, when the genes in question are

transcription factors, the entire form or life cycle of

an organism can be altered. Evolutionary botanists

are still working out most of the details in the quest

to account for today's floral diversity. All flowering

plants rely on a shared set of fundamental gene func-

tions to build their blooms. But the evidence is

mounting that gene duplication has played the piv-

otal role in creating arabidopsis, lily, rose, snap-

dragon, and the 250,000 other members of Earth's

great floral bouquet.

Norway maple
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Bags of Vintage US Silver Coins

Saved From Govt. Melt-Down!
For the first time ever the First Federal Mint

is releasing to the public bags of historic

U.S. silver coins not seen in circulation for

decades. They are priced not by the rarity of
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Long-Lost Silver

Hidden for Decades
Imagine if you could step back in time to

hold in your hands the historic U.S. silver

coins from a half century ago. How much
would they be worth? Hundreds of millions

of dollars were officially melted down by the

government decades ago, until at last they
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Cash In On the
Silver Market Now

Today, demand for vintage U.S. silver coins is

at all-time highs, with record-breaking prices.

Dealers report the strongest coin market since

the 1970s! What's more, the price of silver

itself is roaring upward, reaching prices not

seen for years. Will it rocket past the $50 per

ounce mark it set in 1980? Time will tell, but

thousands of savvy coin buyers are now stash-

ing away old U.S. silver coins, anticipating a

bright future

Order Today Before
Prices Go Higher
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30 days of receipt tor a prompt refund.

fBONUS Morgan
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50 Callers
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receive this BONUS authentic
3re-1922 Morgan Silver Dollar with each

ft halt pound of silver coins you order!

fCALL NOW!
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Coins
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$11.95 S&H
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$182 + $11.95 S&H
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Full Pound Bag
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(Plus BONUS Two Morgan Silver Dollars!

TOLL-FREE 24 HOURS A DAY

1-800-721-0383
Promotional Code BCS 128-01

Please mention Promotional Code when you call.

We can also accept your check by phone.
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First Federal Mint
14101 Southcross Drive W., Dept. BCS128-01

Burnsville, Minnesota 55337

Note. The First Federal Mint is a private distributor of gwvrnment
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This Old House
At (^atalhbyuk, a Neolithic site in Turkey,

families packed their mud-brick houses close together

and traipsed over roofs to climb into their rooms from above.

By Ian Hodder

Every summer since 1 993 I have returned to

central Turkey to work on the archaeologi-

cal excavation ofa mound nearly seventy feet

high. As I tread over its soil, I feel a tingling in my
feet, knowing that buried beneath me are the abun-

Wall painting, some 8,500 years old, was discovered by the

English archaeologist James Mellaart in the 1960s, during his

excavations of the Turkish site of Qatalhbyuk. In Mellaart's in-

terpretation of the painting, the foreground shows a town,

possibly Qatalhbyuk itself, with the eruption, in the back-

ground, of a twin-peaked volcano, perhaps Hasan Dag (see

map on page 44). Mellaart's reconstruction of the painting

appears at the top of this page.

dant remains of a town inhabited from 9,400 until

8,000 years ago. Rising just 500 feet to my west is a

second, smaller mound, which was occupied from

about 8,000 until 7,700 years ago. The archaeolog-

ical site made up of the two mounds is still no more

than 5 percent exposed. Until the digs began, an old

footpath made a fork at the mounds, and so the larg-

er one became known locally as (^atalhoyiik (pro-

nounced approximately cha-tal-HU-yuk), which

means "fork mound." The archaeological site has

adopted that name.

(^atalhoyiik was first identified and excavated in

the late 1950s and early 1960s by the English ar-

chaeologistJames Mellaart. His excavations revealed

fourteen levels of occupation in the larger mound,

created as people tore down old houses, filled them

in, and built new ones on top. Altogether, Mellaart

excavated about 160 buildings, spread over the var-

ious levels. Each building probably housed a fami-

ly ofbetween five and ten people. One main room

was the locus offamily living, cooking, eating, craft

activities, and sleeping, and there were side rooms

for storage and food preparation.

Mellaart's excavations turned up evidence that the

people of Catalhoyuk made use of domesticated

plants and animals. The finding excited wide inter-

est, because it meant that very early firming villages
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grew up not only in the Levant and adjacent areas of

the Middle East, where wild plants and animals were

first domesticated, but also here, in Anatolia. But even

more astonishing were some other distinctive char-

acteristics of ^atalhoyiik that Mellaart was the first

to describe. The houses of(^atalhoyiik were so tight-

ly packed together that there were few or no streets.

Access to interior spaces was across roofs—which had

been made ofwood and reeds plastered with mud

—

and down stairs. People buried their dead beneath

the floors. Above all, the interiors were rich with art-

work—mural paintings, reliefs, and sculptures, in-

cluding images of women that some interpreted as

evidence for a cult of a mother goddess.

| atalhoyiik was quite large for a town ofNeolithic

^5"-/ age—the time from about 1 1 ,500 to 8,000 years

ago, when people began living in relatively perma-

nent villages and making use of domesticated crops

and animals. The population fluctuated between

3,000 and 8,000; in physical area the large mound en-

compassed some 33.5 acres. Unsurprisingly then, de-

spite excavating for four years, Mellaart uncovered on-

ly a small part of the town. The current dig, which I

direct, has excavated or determined the outlines of

eighty more buildings and has identified tour addi-

tional levels of occupation in the larger mound. Yet

as I walk over that mound, I am well aware that thou-

sands ofbuildings are still hidden beneath the soil, full

of art and symbolism, waiting to be explored.

Archaeologists do know a lot more now than they

did at the time of Mellaart's discovery about other

Anatolian settlements dating from the Neolithic. But

for any student of that era—myself

included—(^atalhoyiik and its mys-

teries hold a special appeal. What led

to the concentration of art in so

many houses at one site? Why was

the settlement so large—what drew

people to that particular place? And
how much can be learned from what

is perhaps the most intriguing fea-

ture ofall about Qatalhoyiik: that the

site was built and rebuilt over the

centuries in ways that provide an un-

usually rich record of the minutiae

of daily life?

The main reason for the abun-

dance of the archaeological record

was that the Qatalhoyiikans used a

particular kind of construction ma-
terial. Instead of making hard, lime

floors that held up for decades (as was

the case at many sites in Anatolia and

the Middle East), the inhabitants of

Catalhoyiik made their floors mostly out of a lime-

rich mud plaster, which remained soft and in need of

continual resurfacing. Once a year—in some cases

once a month—floors and wall plasters had to be

resurfaced. Those thin layers ofplaster, somewhat like

the growth rings in a tree, trap traces of activity in a

well-defined temporal sequence. The floors even

preserve such subtle tokens of daily life as the im-

pressions of floor mats. Middens are just as finely lay-

ered, making it possible to identify details as subtle as

individual dumps ot trash from a hearth.

When a house reached the end of its practical hfe,

people demolished the upper walls and carefully

filled in the lower half of the house, which then be-

came the foundation for new walls of a new house.

The mound itself came into being largely through

such gradual accumulation. Taking it apart enables

us to revisit the past.

|
atalhoyiik lies in the Konya Basin, which in Ne-

^x-'olithic times was mostly a semiarid plain with

steppe vegetation: grasses, sedges, and small bushes [see

map on next page]. The soil, the residue from a van-

ished lake, was made up of marls—deposits of clay

with high levels of calcium carbonate. Its consistency

and low nutrient value made the soil unsuitable for

early forms of agriculture. The basin, however, in-

cluded some marshy areas, several rivers, and, perhaps,

some small, shallow, seasonal lakes. In any event, there

were deposits ofalluvial soil that were more hospitable

than the marls to early farmers and herders.

One of the rivers in the Konya Basin was the

C^ar^amba, which spewed out into the plain and did

Excavations of the East Mound of Qatalhoyuk, done by Mellaart in the

1960s, show that the buildings on the 33.5-acre mound were packed

close together, without intervening streets or alleyways. Access to

house interiors was originally across the roofs and down a stairway.
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not link to any other river system. Catalhoyuk was

founded on its east bank, most likely on a small ex-

isting rise. (The river no longer runs by the site, hav-

ing been diverted into irrigation channels.) The site

would have been surrounded by marshy swamps in

the spring, the results ofthe rivers seasonal flooding.

Those observ ations partly explain the original sit-

ing of the town: Catalhoyiik was built where it was

because, in a semiarid environment, people sought

access to water and to soils as rich as possible in nu-

trients. But in that context, one of our recent find-

ings carries surpris-

ing implications.

To learn where
the crop plants

found at Catalho-

viik were grown.

Konya Basin
Asikli

Qarsamba Riv

Catalhoyuk

asar, Dec

J

1ED1TERJUSEAS SEA
Cs'sarr.ba River

,
(approximate

former channel)

S:
"

Site of Catalhoyuk, located in the semiarid Konya Basin of Anatolia (now central Turkey),

comprises two mounds that accumulated as the settlement's inhabitants repeatedly built,

tore down, and rebuilt their mud-brick houses. The eastern mound, dating from 9,400

until 8,000 years ago, has two "peaks," suggesting that the population may have been

divided into two intermarrying kin groups. The western mound was occupied from about

8,000 until 7,700 years ago.

we examined the evidence for phytoliths—silica

skeletons that form inside and sometimes around

the cells ofgrasses and other plants. Grasses that grow

in moist, clay-rich soils have more soluble silica

available for forming phytoliths than do grasses that

grow in well-drained, dry-land soils. As a result,

large, composite phytoliths form in grasses from

moist, clay-rich soils, built up from as many as a

hundred or more adjacent cells. Given the ground

conditions around Catalhoyiik. we expected to see

evidence of such large phytoliths. But a sample of

wheat-husk phytoliths studied by Arlene Rosen, an

archaeologist at University Gollege London,
showed relatively few multicell clusters, suggesting

that the wheat was cultivated in dry-land soils—and

so not near the mound. Thus at least some of the

agricultural fields appear to have been placed well

away from the site.

That finding suggested the question "why here?"

might require a more complex answer. The wet

marshes surrounding Catalhoyuk would certainlv

have offered a wide range ofwild food resources, from

fish and the eggs of waterfowl (both of which have

been found on the site) to wild cattle and other mam-
mals attracted by the water and by the fresh graze that

grew on the alluvium. Another attraction ofthe site

might have been ready access to construction mate-

rials, which included the reeds people weaved into

matting and incorporated into roofing and the mud
made into bricks and plaster. In one area we exca-

vated to the north of the large mound, we discov-

ered many pits where the inhabitants had cut through

a thin layer ofalluvium in

order to extract the un-

derlying lime-rich marls.

Fragments scattered in the

middens show that in the

earliest levels of the site,

floors were constructed

out of hard, tired-lime

plaster, but in later levels,

the sorter lime-rich mud
piaster makes its appear-

ance on the walls and

floors. Firing lime re-

quires a lot offuel, and my
guess is that the process

became impractical be-

cause local sources of

wood were used up.

In fact, there is good ev-

idence that the Catal-

hoyiikans engaged in

long-distance trade. Date-

palm phytoliths at the site indicate that storage bas-

kets were brought to Catalhoyiik from Mesopotamia

or the Levant: shells suggest trade from the Red Sea

and the Mediterranean: obsidian undoubtedly came

from Cappadocia. a region about ninety miles to the

northeast: oak and other timber must have come from

at least as far as the nearest upland, six miles away. But

the Catalhoyiik economy was still primarily a subsis-

tence one. The Catalhoyiikans grew their own cere-

als, such as emmer wheat, and legumes, such as peas

and lentils: they raised their own sheep and goats: and.

to a lesser extent, they hunted wild cattle.

Archaeologists today automatically assume that

people cluster at a site not only for proximity" to re-

sources, but also for social reasons. For example,

people may want to organize their labors, take part

Mellaart's excavations, 1961-1965

Catalhoyuk Research Project, beginning 1993
:
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in community-wide rituals, or provide for defense

against a common enemy. And some sites in Ana-

tolia, earlier than Catalhoyiik, clearly emphasize

that collective spirit. Art is concentrated in special

ritual buildings, houses are laid out in zones, and

human skulls are sometimes buried communally.

I" n contrast, a good case can be made that many
X. aspects of life at Catalhoyiik were organized at

the domestic, or household, scale. Brian F. Byrd, an

archaeologist with the Far Western Anthropologi-

cal Research Group in Davis, California, has noted

that during the Neolithic there was a general shift

in the southern Levant toward greater autonomy

and complexity at the household level. A similar his-

torical shift can be readily traced in central Anato-

lia. For example, at A^ikli Hoyiik, a site dating from

about 10,700 until 9,300 years ago, there are cere-

monial buildings, but the houses are much less elab-

orate than the ones at Catalhoyiik, where a wide

range of functions, from burial, ritual, and art to

storage, manufacture, and production were more
clearly drawn into the house.

Other evidence we have assembled is consis-

tent with the view that the autonomous house-

hold at Catalhoyiik was the primary social

unit. In size, for instance, Catalhoyiik might

have been a town, but despite taking care

ful samples from the surface of the mound,
we have found no evidence for public

spaces, administrative buildings, or elite

homes or quarters. There were no streets,

and in fact the buildings were embed-
ded in extensive midden areas piled

with trash, fecal material, and rotting

organic material—not at all in accord

with modern sensibilities. Perhaps it

is little wonder that access to the

houses was along the roofs and

down some stairs!

The autonomy of the Catal-

hoyiik household is also reflected

in how rarely two buildings shared

a wall: even though houses might

be just a few inches apart, people

built and maintained their own
walls. Each house was built with

bricks of distinct composition or

shape. The bins in the houses suggest they all had a

similar storage capacity for agricultural produce. And
each house seems to have had its own hearth, oven,

obsidian cache, storage rooms, work rooms, and so

on, for the inhabitants' own activities.

Yet despite the central role of the individual

household, my colleagues and I see hints that Catal-

hoyiikans were divided into two large groups

throughout most of the time it was occupied. The
contour of the larger mound reveals two built-up

areas, a northern one and a southern one, with a

gully between them. A possible explanation is that

Catalhoyiik was an endogamous culture, or in oth-

er words, people married within the settlement. It

may have been organized, as are many other tradi-

tional societies, into two intermarrying kinship

groups. Surveys in the plain around Catalhoyiik have

turned up earlier and later sites, but none of them
seem to have flourished at the same time—further

evidence that marriage was probably a local affair.

The standard house had one main room, which

accommodated an oven, a burial platform, and

other platforms [see illustration below]. One or more
side rooms served as storerooms, kitchen, and places

for other domestic tasks. The stairs from the roofen-

trance—perhaps made of a log with steps notched

in it—led into the main room. Walls were built of

Storage room shown with

subsequent soil fill Main room

Lower parts of walls, floor, and the main furnishings of a typical house at Qatalhoyuk

are depicted in this artist's reconstruction. The house was inhabited about 8,500 years

ago, and excavated by the author's team in 1998 and 7999. The floors have not yet

been excavated, but on the basis of similarities with other buildings at the site, the

archaeologists expect to find burials beneath the mat-covered northwest platform.

mud bricks and were windowless. On average, they

were 1.3 feet thick and stood eight to ten feet high.

The interior walls, floors, and posts for the roofwere

all plastered.

So far we have identified two kinds of cooking

fires in Catalhoyuk: domed mens were set into

house walls, ami hearths stood away from the w alls.

feet
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Skull of a male (top right), whose features had

been repeatedly modeled in plaster and painted, is

shown in an artist's reconstruction. The skull was

recently discovered in the burial of a female (pho-

tograph above); it may have belonged to a revered

ancestor or relative of the deceased. The place-

ment of the skull with respect to the female skele-

ton is shown in red outline in the diagram at right.

Collections of clay balls were often associated with

the ovens. According to research by Sonya L. Ata-

lay, an archaeologist at Stanford University, the balls

were used in cooking—just as, in many traditional

societies, heated stones were put in a basket or skin

container to boil water, or laid out to cook meat.

Because stones are in short supply at Catalhoyuk,

the clay balls served the same purpose. At later lev-

els, pottery containers, which could be placed di-

rectly over a fire, took over the heating function.

In the houses excavated so tar, hearths and ovens

were generally placed on the south side of the main

rooms. In those areas the floor is blackened by the

ash and charcoal raked out from the fires. Manufac-

turing activities were probably carried out there: we
find evidence on the floors that obsidian was

knapped, or chipped, into tools, that beads were

made, that grease was extracted from animal bones.

Obsidian caches, as well as depressions for holding

pots and other small stores, were often built below

the floors. Little or no art appears in this "dirty" zone

of the main room, and the only burials here seem to

have been the bodies of newborns or infants.

In contrast, the plaster floors and platforms in the

rest ofthe main room are lighter in color, and some-

times even white. Ridges or platform edges often sep-

arate this area from the "dirty" zone. The "clean" ar-

eas often have higher platforms and more painting,

and they are where burials were commonly made.

Wh.it points most to a household level of so-

cial organization is the rich symbolic con-

tent of the houses. Paintings depict vultures flying

over headless human bodies, suggesting the practice,

adopted in some parts of the world, of setting

out the deceased so that they can be naturally

defleshed. Figurines depict generously propor-

tioned females. One sculpture shows a female seat-

ed on a "throne" whose armrests are felines [see pho-

tograph on opposite page]. Recently we unearthed a

male skull, perhaps belonging to a revered ancestor,

over which plaster features had been periodically

modeled and painted. Eventually another person

died—a female—and the skull was buried along with

her [see photograph and illustrations at left]

.

What particularly fascinates me are the many leop-

ard motifs, including reliefs of paired

leopards. The images suggest that a rela-

tionship with wild animals was a potent

element in local religious ritual and be-

lief. In line with that interpretation, the

household shrines often incorporate the

horns of a wild bull. In contrast, the an-

cient artists neglected to represent most

of the more mundane activities, such as

the growing ofcrops. The emphasis on certain themes

in the art appears significant, but from our distant

vantage point, we can only glimpse how the people

of Catalhoyuk interpreted the world around them.

Mellaart thought that some ofthe buildings in the

settlement, because of their decorative and symbol-

ic contents, might have been specialized shrines. We
now understand them all as houses, but with vary-

ing degrees of ritual elaboration. In the plastered

floor of what we call Building 1 , for example, we
discovered a complete fishhook pendant made from

a split boar's tusk, apparently placed there inten-

tionally. A small plaster sculpture in the shape of an

animal horn was inserted in one wall of the main

room. We also found that two holes had been dug

into the walls and then plastered over; we think they

were made to contain objects that were later re-

moved. A small fragment of a figurine made of an-

imal horn was embedded in the material used to

construct an oven in a side room. Perhaps those de-

posits were symbolically protective, or perhaps they

represented memories, links with the past. We can't

really say, but in general terms they show that con-

struction integrated ritual and daily practice.

One clear result of the current excavations is the

demonstration that most of the burials in the houses

were of individual, fully fleshed bodies. Mellaart and

his team had found jumbled, disarticulated human
bones beneath the platforms in the main rooms. They

assumed the bodies were initially buried elsewhere

and then reburied beneath the platform floors. That

idea was supported by the paintings of vultures ap-

parently picking the flesh from headless human
corpses. But our work shows that many bodies were
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buried under the platforms intact: the joints are still

articulated and the smallest bones (often lost in re-

burial) are present. The jumbled nature of the bones

beneath some platforms, we have concluded, was the

result of inserting later graves within the same plat-

form, a frequent practice.

Perhaps the most telling evidence for the symbol-

ic importance of the house in life at Catalhoyiik

is the meticulous procedure the inhabitants followed

when—for structural or other reasons—they decid-

ed a house had to be torn down and rebuilt. To pre-

pare for rebuilding, workers first cleaned and scoured

the walls and plaster features of the original house.

Then they removed the roof, dug out the main sup-

port posts, and dismantled the walls, usually

down to a height of three or four feet. Fixtures

such as ovens and decorative or ritual elements

were often removed or truncated. The old

house was then filled with a mixture of

building materials, often very care-

fully. For example, to preserve the

dome of the oven in one building,

soil was fed in through the side

opening. The fill material com-

monly included various arti-

facts—bone points, hunks

of obsidian, stone axes.

How many such objects

were ritual placements as

opposed to accidental loss-

es is not always clear, but

there are patterns to the

work. The enthroned fe- M
male figurine with felines, '

which Mellaart discovered

in a bin, seems to have been

placed there for some sym-

bolic motive.

Before the current project

began excavating houses in

1995, I had assumed we
would just dig down and find

houses frozen in time, static

entities rather like the ones I

had seen represented in Mellaart's reconstructions.

But what we really discovered were processes. The
new excavations show how the inhabitants ofCatal-

hoyiik were always tinkering with the internal de-

tails ot their homes. The various areas of a house

might have had prescribed differences in flooring,

height, color, plaster, matting, and so forth. But there

were also continual adjustments in the course ofdai-

ly life, as the spaces were remade, reworked, moved,

or used for different purposes.

Can we begin to understand what it was like to

live in the houses of Catalhoyiik? It is often said that

they were dark inside. But an experimental house built

at the site by Mirjana Stevanovic, an archaeologist at

the University of California, Berkeley, has shown that

during the day so much light pours in from the stair

entry that the main room is quite bright. Since the

white plastered walls were so frequently renewed and

often burnished, they reflected the light well. Even

the side rooms got some reflected light; as one's eyes

adjusted to the relative gloom, it would have been

possible to carry out indoor activities.

A child growing up in such a household would

soon learn how the space was organized—where to

bury the dead and where to make beads, where to

find the obsidian cache and where to place of-

Bk ferings. Eventually, he or she would learn how
Vim to rebuild the house itself. Thus the rules of

ociety were transferred not through some
centralized control, but through the daily

practices of the household. All those

practices were carried out in the pres-

ence of dead ancestors and within a

symbolic world immediately

at hand, conveyed through

21 rich artistic representation.

Baked clay figurine, about eight inches tall, was dis-

covered by Mellaart in a grain bin. It was probably

deposited there as an offering or memento when,

in preparation for rebuilding the house, the inhabi-

tants tore down the upper walls and filled in the

foundation. Mellaart restored the missing heads of

the seated woman and one of her feline armrests.

ut why such a large

settlement should

flourish precisely when and

where it did still eludes us.

Perhaps it enabled people

to build up a network ofre-

lationships that would
serve to control access to

resources. Living close to-

gether meant that those re-

lationships could be contin-

ually reinforced and moni-

tored. Byjoining with others

at the one site, each house-

hold could also better pro-

mote its own interests: find-

ing marriage partners for its

young people, developing

exchange alliances, cementing links through ances-

try, and so on.

But then again, we know that some evidence

could suddenly emerge to suggest a quite different

explanation. And so our excavations, and our in-

formed speculations, will continue.

This article has been adapted from Lm Hodder's forthcoming book, The
Leopard's Tale: Revealing (he Mysteries ot QatalhSyiik, which is

being published this month by Thames 6 Hudson Inc.
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Good Fences,

Good Neighbors?
Can Botswana simply cordon off the conflicts dividing

ecotourism, cattlefarming, and the interests of conservation?

By Graciela FIores

A few months into the construction of the

240-mile-long Makgadikgadi fence, David

Dugmore drove along the first stretch of

cable wire slung between vertical wooden posts. It

was the dry season in north central Botswana, and

Makgadikgadi Pans National Park, now bounded

on the west by the fence, was stark and grim, its

wildlife seemingly consigned to the dusty past. The
seasonal drought from March through October had

transformed the park into a lunar landscape shim-

mering with salt crystals—one ofthe largest salt pans

in the world. But on this day, the austere beauty

seemed more like a killing field. As he drove, Dug-
more, the owner of a safari camp, counted zebra

carcasses lining the fence. "There was at least one

every kilometer," he recalls.

Roughly a hundred zebras died in a single month
in 2004, before the fence was even completed. The
zebras, on their annual migration to water holes and

grazing areas to the west, had probably died from stress

and dehydration when they met the new barrier. Oth-

ers likely died in the jaws of hyenas or lions, which

have learned to stampede zebras into the wire grids.

In one deadly week in 2005, some 250 zebras per-

ished on their annual trek. Again, drought had forced

them to search for water and grazing land, but again,

the fence thwarted them. By the time the rains came,

it was too late. "We were still removing dead ani-

mals from around the water hole as the grass grew

around them, forming perfect outlines of their bod-

ies lying in the sand," says Dugmore.
The Makgadikgadi fence is part ofan intricate net-

work offences that crisscross thousands of miles of

Botswana. Most of the fences were built to contain

cattle and limit the spread of disease from wildlife to

livestock—so-called veterinary fences. But the Mak-
gadikgadi is not a veterinary fence; it is a "wildlife

fence," the first of a new breed of fence designed to

Hundreds of zebras, like the one in the photograph, have

died because the Makgadikgadi fence, visible in the back-

ground, cuts off their annual migration route to dry-season

water sources.

reduce conflicts between people and wildlife. Specif-

ically, it was built to stop lions from attacking cattle,

to stop villagers from retaliating against the lions, and

to protect the grazing land ofthe wildlife in the park

from the cattle. In short, its function was to balance

the needs of a pastoral way of life centered around

cattle raising with the needs of a rapidly growing

tourism industry that depends on the wildlife.

The government finished building the fence in

2004 and, indeed, it has largely solved the problems

it was designed to solve. But the law of unintend-

ed consequences never rests, and the fence has

spawned a host ofnew problems. Most troubling is

that the fence is proving a deadly nemesis for wild-

life. Today, eighteen months after its completion,

the ambiguous nature of the Makgadikgadi fence

continues to stir debate among conservationists,

government agencies, and local communities.

Long before the fences, long before the govern-

ment itself, the salt pans ofBotswana were a mas-

sive inland lake. The lake dried out more then 2,000

years ago, leaving the salt pans in its place, but the re-

gion retained the two seasons of the tropics, dry and

wet. The seasonal oscillation drives one ofthe largest

annual migrations in Africa. Every year, when the

pans dry up, the animals retreat, seeking refuge among
the water holes to the west. In Setswana, the nation-

al language ofBotswana, Makgadikgadi means "vast,

open, lifeless land." The term could hardly describe

the pans more accurately, at least in the dry season.

When the rains come, though, the pans explod-

ed with life. The herds ofherbivores and their preda-

tors return from their dry-season retreats to fill the

surrounding grasslands. Thousands offlamingos and

pelicans and a rich array of rare birds flock into the

sanctuary. The pans in flood are no less dramatic.

From 4,000 feet up, they look like a handful of sap-

phires set in the grasslands between the parched

Kalahari Desert in the south and the lush waterways

of the Okavango delta in the north.

Overlain on that natural setting is modern Bo-
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Makgadikgadi Pans National Park lies in north

central Botswana. The fence along the Boteti

River, on the park's western border, was com-

pleted in 2004. Because of years of drought, how-

ever, most of the water in the Boteti channel lies

underground. Thus thousands of zebras in the

park that migrate during the dry season can no

longer drink from the river, but the fence also vir-

tually seals them off from any other water sources

to its west. When the rains come, the zebras re-

turn east. The Botswana government plans to ex-

tend the fence to the park's eastern border.

BOTSWANA

tswana: like much of the rest of Africa, a land of so-

cial and economic contrasts. Since gaining its inde-

pendence from the U.K. in 1966, the country has

maintained one of the highest rates of economic

growth in the world, as well as soaring rates ofpover-

ty and unemployment. The economy is largely based

on diamond mining, tourism, and cattle farming,

which is itself a source of great inequality. Large cat-

tle producers—the "beef barons"—account for only

1 5 percent of the farmers in Botswana, yet they own
75 percent of the country's estimated 3 million head

of cattle. Even for subsistence farmers, however, live-

stock are a source of social prestige. Although beef

brings in just 3 percent of the gross domestic product

(CA)\ y
), it remains a critical industry because cattle

farming is a traditional way of life in Botswana.

The controversial history of fence-building in

Botswana is closely tied to the nation's beef industry.

In 1972, when exports were becoming an important

part of that industry, the European Union
offered large subsidies to the beefexporters.

There was just one condition on the ex-

ports: the beef had to be certified free of

foot-and-mouth disease.

Some people argued that the disease can

jump from wildlife to livestock—though

to this day there is no conclusive proofthat

it does. Nevertheless, to meet the require-

ments of the E.U, the Botswana govern-

ment decided to erect fences to segregate

livestock from wildlife. Whatever its mer-

its in disease control, fencing has clearly

paid off in reassuring European beef buy-

ers. Today, Botswana receives a tariffbreak

of as much as 92 percent on beef exports

to the European market.

But beef exporting and cattle farming

are not the only keys to the Botswana

economy. Botswana's new engine ofgrowth

is tourism, a wildlife-based industry.

Tourism brings $240 million a

year into the economy, ac-

counting for almost 12 percent

of GDP. It is also the country's

fastest growing sector. And the

interests oftourism are running

smack into conflict with the in-

terests of the beef industry.

At the heart of the conflict

are the fences, which have

turned Botswana into a jigsaw

puzzle of isolated land frag-

ments that neither cattle nor

wildlife can navigate freely. And of all the fences that

adversely affect wildlife, the ones proving most harm-

ful are undoubtedly the fences that interfere with mi-

grating species. One notorious incident in 1983

dwarfs the zebra debacles of2004 and 2005. A severe

drought in the Kalahari game reserve in central

Botswana prompted a massive migration of wilde-

beest. The animals were following an ancient route

to water when they were stopped by the Kuke fence

on the eastern border of the reserve. Some 65,000

wildebeest piled up dead in heaps against the fence.

The conflict over fences presents a nasty dilemma

for the government because Botswana has deliber-

ately nurtured its lucrative tourism industry: it is

known for its policy of low-impact tourism, favor-

ing small tourist groups because they are less harm-

ful to the country's delicate ecosystems. Yet in the

past few decades hundreds of thousands of animals

have died of thirst and exhaustion while trying to

get around the seemingly endless fences. And the
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continuing pastoralism of the tribes makes massive

barriers such as the Makgadikgadi fence, the con-

tainment method of choice in Botswana. The Di-

rector of the Department of Wildlife and National

Parks, which commissioned the Makgadikgadi

fence, did not return repeated requests for comment.

In fact, the original call for the Makgadikgadi fence

came not from the government or from the beef

barons, but from local villagers. What triggered their

demand was the drying up of the Boteti River. The
Boteti was once a wide watercourse that took its life

from the great Okavango River and gave life, in turn,

to tall acacia and fig trees and to succulent grasses

along its banks. The western edge ofMakgadikgadi

Park closely follows the channel of the Boteti, a

boundary that made good sense when the Boteti was

still an oasis. That way, when the animals in the salt

pans of Makgadikgadi Park headed west in the dry

season, their destination remained accessible. But in

1992 a brutal drought hit the region, and the Boteti,

after waning to a chain of puddles, ceased flowing

altogether. To this day, the riverbed remains dry.

When the Boteti dried up, a natural barrier also

disappeared. The villagers' cattle could now cross the

riverbed to graze in the park, and lions, hyenas, and

wild dogs could sneak into the sandy village lands

and feast on scrawny, slow-moving cows. The live-

stock losses brought the issue to its boiling point.

"I wish we could kill wildlife when it kills live-

stock, instead ofgetting little compensation from the

government," said one cattle farmer. Another noted

that the government's compensation for crop dam-
age was less than the cost of transportation to pick it

up. A third farmer pointed out that to the villagers,

tourism brought no benefit.

The villagers brought their complaints to the kgot-

las, Botswana's traditional community councils. El-

ders of the councils went to the legislature and, in

1995, proposed a single fence between the park and

the villagers' lands. Botswana's department of wild-

life then hired a consultant who proposed that the

fence mostly follow the west bank ofthe Boteti where

most ofthe predator attacks had taken place. The pro-

posal also included gates in the fence, so that livestock

could scrounge for the water now beneath the Boteti

riverbed. But after further discussions between the

department of wildlife and the local communities,

Herds of elephants and zebras gather around one of two water holes they can reach from the

east side of the Makgadikgadi fence. The owner of one safari camp pumped water into this hole

for the animals every day during the most recent dry season.

June 2006 NATURAL HISTORY 51



Makgadikgadi salt pans are transformed almost beyond recognition with the seasonal change

from dry (left) to wet (right). The dry season lasts eight months, but when the rains come, the

land turns lush, and the earlier barrenness of the landscape becomes easy to forget.

the fence evolved into a continuous cordon, made
up of two parallel fences and a roadway in between.

The fence on the wildlife side would be electrified;

the cattle-side fence would not.

As government officials worked out the design of

the fence, the farmers' conflict with the wildlife spi-

raled out of control. Cattle continued to be killed,

and reports circulated that elephants were trampling

farm equipment and destroying crops. In the ten

months before the fence was completed, the de-

partment of wildlife received about 300 complaints

from villagers. The villagers retaliated with snares,

guns, and poisoned cow carcasses, ultimately killing

twelve of the park's forty lions.

At the same time, the government was also try-

ing to reassure people concerned about how
the fence would affect migrating wildlife. In 1999

the department of wildlife took the unprecedented

step of commissioning an environmental-impact

study of a new fence in Makgadikgadi Park. The
study emphasized that the park animals had to have

access to water holes and that water would have to

be pumped for them during the dry season. It also

recommended that the fence have no jagged turns.

Yet despite more than $160,000 invested in the

environmental study, the government disregarded

all three of its recommendations. Only a handful of

sources of pumped water were installed along the

dry Boteti. The government also added a few loops

and right angles to the fence at the last minute, ac-

cording to Craig Gibson, an independent consul-

tant at the Environmental Investigation Agency, an

organization based in London that investigates en-

vironmental crime. The loops and angles became

key factors in the zebra deaths. The wildlife became

confused by the unpredictable alignment, Gibson

explains—a confusion that often turned deadly. At

other points, the fence was constructed so close to

water holes that predators stampeded the zebras and

wildebeest into the fence.

Why did the government ignore the report it

commissioned? Early in 2000 the director ofthe de-

partment of wildlife, together with a group of vil-

lage elders, took a helicopter ride over the Boteti

to determine the path of the fence. They had pre-

viously agreed on a "give and take" design in which

the fence would zigzag back and forth across the

riverbed, as the report recommended. That way,

some water holes would be on the villagers' side of

the fence, and others on the park (wildlife) side.

But the elders convinced the government to alter

the design, leaving the greatest part of the Boteti

riverbed, with its underground water supply, outside

the boundaries of the park, out of reach of the wild-

life. Furthermore, the typical interaction between the

government and the villagers ceded even more un-

derground water to the villagers' livestock. A repre-

sentative from the department of wildlife would ar-

rive at a site to negotiate the exact location of the

fence. A villager would then learn that some part of

the riverbed near his land was to be on the park side

of the fence. The villager would plead with the offi-

cial: His ancestors were buried on that land. The land

had been in his family for generations. His neighbors

had unfairly gotten full riverbed access. And so, un-

armed with GPS data and sympathetic to the vil-

lagers' concerns, the representative would give in.

In the end, tens of thousands of animals were left

almost without water. Only two watering holes were

available on their side of the fence during the dry

season. David Dugmore, the safari-camp owner with

a commercial interest in protecting wildlife, installed

a pump himselfin a water hole near his camp. "Even

before the fence was up, I saw no effort being made

to supply these animals with water near my camp,

so I decided to do it myself," says Dugmore.

But like many others living near the fence, Dug-

more has mixed feelings. "I don't like the idea of a

fence," he says. But he does allow that it was tough

without the fence for wildlife to compete with cat-

tle in the grazing areas on the park side of the
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riverbed. The conflict between the animals and the

cattle farmers before the fence was built had also

made things hard for Dugmore's business. "It was

very difficult for me to show the wildlife to my
guests," he says. "The animals became very nervous

and would only come down to drink at night."

Villagers, too, are evenly divided about the fence.

A. Clare Gupta, a specialist in environmental

studies, policy and management, surveyed the vil-

lagers in 2004. She found roughly equal numbers of

those who were happy about the fence—who said it

brought benefits such as less predation on livestock

—

and those who saw no benefits from it. The happy

ones said things like, "Before the fence, twenty cows,

ten calves, and all my goats were killed. Now, only

four cows have been killed." The dissatisfied villagers

complained mainly that the fence had come at a high

cost, mostly in lost grazing areas for their cattle. Some
also said the fence was ineffective at keeping out

predators or other wildlife that eat crops.

Gupta herselfis troubled by the fence. In her view,

the government's focus on a fence ruled out more
long-term alternatives for resolving the conflict be-

tween wildlife conservation and the villagers' liveli-

hood. "The fence was not the only nor the best so-

lution to the problem," she says, "and the proof is

that complaints are still coming from both sides."

Gupta thinks the government should instead have

channeled its resources into developing a multiuse

zone where villagers could participate in ecotourism

campsites around the edges ofthe park. Local people

must benefit directly from wildlife, she argues, iftheir

attitudes toward it are to become more positive. But

changing attitudes and integrating villagers into

tourism run headlong into tribal culture. The safari

is an alien concept to villagers who see the national

park as grazing land and wildlife as a source of food

and as a threat to their cattle.

According to environmental experts, the fence has

achieved some limited success in separating wildlife

from livestock. Chris J. Brooks, a wildlife biologist at

the University ofBristol, England, notes that the cat-

tle were outcompeting both zebras and wildebeest

for grazing lands, forcing the wildebeest population

in particular to travel long distances to graze. "By tak-

ing cattle out of the system," Brooks says, "you in-

crease the available resources substantially. I think the

fence is going to be beneficial in the long term."

At the same time, by building the fence, the

Botswana government has placed itself in a difficult

position. It must now mediate among various groups

with seemingly irreconcilable differences. Yet ac-

cording to the department of wildlife, the intensity

ofthe conflict between villagers and wildlife, at least,

is subsiding. Villager complaints about lions and ele-

phants, for instance, have dwindled from hundreds

per year to just a handful in the past two years. And
the government is making a substantial effort to turn

the fence from necessary evil into shared solution.

From this vantage point, at least, the strategy

henceforth seems to be to give something to

everyone, without forcing any side to give up ground

it has already gained. For example, the government

plans to extend the fence to the eastern border of

the park. Yet while preparing to extend the fence,

the government has also committed $250,000 to dig

nine water holes at strategic sites in the park.

Sibangane Mosojane, the district wildlife coordi-

nator of the department of wildlife, says the water

Plains zebras (Equus burchelli) search for water along the

dried up Boteti River during the dry season. The Botswana

government plans to dig nine water holes for the wildlife.

holes will be ready by the time the next dry season

begins. The department of wildlife is also planning

to collapse part of the fence during the dry season,

and so allow animals to cross to water. But, careful

not to antagonize the villagers, Mosojane says the

fence would be opened for only an hour or two at

a time—and never at night, when prowling lions

might be able to slip through unnoticed.

It is not clear, of course, how smoothly the new

measures w ill run when the next dry season turns

paradise into a desert of gleaming salt. What is clear,

amidst all the uncertainty and contradictions, is that

the fence is not going away. After putting $6.5 mil-

lion into the fence, the government is not about to

take it down.
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THIS LAND

St. Croix River flows south into the distance, separating the western, Minnesota side

of Interstate State Park (cliff in foreground) from Wisconsin, on the far side.

Alon
Pothole Trails
A river that runs between Minnesota

and Wisconsin has left a legacy of its wild youth.

By Robert H. Mohlenbrock

P

_
feet

otholes are saucer-shaped or

cylindrical depressions

scoured into hard rock sur-

faces by whirlpools of water carry-

ing fine gravel. Such abrasive

whirlpools can form in swift streams

or in waters stirred by the wind; in

either case the hollow you see today

may be the result of thousands of

years of weathering. On the east

side of the St. Croix River, near St.

Croix Falls, Wisconsin, there are

dozens of potholes of various size

and shape, including what is billed

as "the world's most perfect pot-

hole": a circular hole about four

and .1 halt feet wide and eighteen

feet deep, with spiral striations on the

inside surface of its walls. On the

western, Minnesota side of the river

are numerous other potholes, many of

irregular shape and some as deep as

sixty-seven feet. All of the depressions

are known as glacial potholes because

they were carved by rushing glacial

meltwater. The potholes, along with

scenic gorges, fanciful rock forma-

tions, moist and dry woods, and other

natural attractions, are protected

within the boundaries of Interstate

State Park, which spans the St. Croix

River and parts of both states.

Before the potholes could be

sculpted, the rock had to be in place.

The oldest rocks exposed here are

volcanic, part of an accumulation of

lava that flowed from deep within the

earth into what is now the basin of

Lake Superior. The lava flows, which

began about 1 . 1 billion years ago, are

14,000 feet thick at Interstate State

Park. (Closer to Lake Superior, 1 ,000

miles away they are 60,000 feet

thick.) Following the formation of

the lava rock, great seas flooded the

region several times, leaving deposits

of gravel and sand. The deposits con-

solidated into sandstone, shale, and

conglomerate rock. The seas subsided

about 70 million years ago, and rivers

began to cut into the layers of rock.

About 1.8 million years ago the

climate cooled, snow fell faster than it

could melt, and continental glaciers

began to form. Four rimes glaciers

ground southward across the site of

what is now Interstate State Park, be-

fore they melted and retreated, leaving

gravel, stones, and other debris be-

hind. Then, about 10,000 years ago,

as the last ice age was ending, glacial

Lake Duluth began to fill. The lake

—

the precursor of Lake Superior

—

spawned the St. Croix River, whose

raging waters began to break through

cracks in the lava rock. The river and

its branches eventually carved canyons

that can be seen in Interstate State

Park. Waterborne sand and gravel,

swirling in whirlpools, gradually

carved out the glacial potholes. As

the rivers dug deeper, narrower
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the park. The Pothole Trail, also

on the Wisconsin side, shows oft

several glacial potholes, including

the "perfect" one, as well as spec-

tacular views of the St. Croix

River gorge and a cliff formation

known as the Old Man o' the

Dalles (dalles—the word rhymes

with "pals"—are rapids in a river

confined between steep canyon

walls)

.

Another Pothole Trail, on the

Minnesota side of the river, gives

visitors a tour of some large

glacial potholes. One of them is

twelve feet across the top and

sixty-seven feet deep; another is

nearly forty feet across and about

forty feet deep. A small flower-

ing plant known as waterwort

grows in several of the potholes

that contain standing water.

Robert H. Mohlenbrock is a

distinguished professor emeritus ofplant

biology at Southern Illinois University

Carboudale.

Rock climber tackles a pothole wall.

VISITOR INFORMATION

Interstate State Park

P.O. Box 703

St. Croix Falls, Wl 54024

715-483-3747

dnr.wi.gov/org/land/parks/specific/interstate

Interstate State Park

P.O. Box 254

Taylor Falls, MN 55084

651-465-5711

www.dnr.state.mn.us/state_parks/interstate

channels, the potholes were left ex-

posed at their margins.

Although the potholes were shaped

mostly by sand and gravel, boulders,

too, were whirled around inside the

potholes, and the boulders' edges were

gradually rounded off. Today those

boulders are shaped like cannonballs,

some as large as four feet in diameter.

Visitors to the Ice Age Interpretive

Center can stand in awe of several of

them, stationed outside the front doors

of the center, on the Wisconsin side of

Sulphur fungus (Polyporus sulphureus)

Habitats

Bluff top The dry bluff tops are home
to plants and short trees that can sur-

vive on limited moisture. The most

common tree is bur oak; others in-

clude eastern red cedar, hop horn-

beam, jack pine, white ash, and white

oak. Creeping juniper, a sprawling

shrub, is nestled among large boul-

ders; eastern prickly pear grows in the

open among the rocks. Poverty oat

grass, with curly leaves at the base

and slender flowering spikes, thrives

in the dry, rocky soil. Common poly-

pody and rusty cliff fern, two low-

growing ferns, live in rock crevices.

Wildflowers include Canada

columbine, common yarrow, divari-

cate sunflower, golden corydalis,

harebell, Pennsylvania sedge, penny-

royal, prairie alumroot, shining bed-

straw, spreading dogbane, starry

false Solomon's seal, and tall cory-

dalis. Sand fameflower, a summer-

blooming succulent, opens its blos-

soms each day for only an hour, at

about two o'clock in the afternoon.

Moist woods The ravines harbor moist

woods dominated by basswood, bit-

ternut hickory, hop hornbeam, paper

birch, sugar maple, white ash, and

white oak. The shrub layer is sparse,

though snowberry is fairly common.

Most of the wildflowers in the under-

story are spring bloomers; they in-

clude bland sweet cicely, Canada

anemone, common blue violet, com-

mon enchanter's nightshade, eastern

waterleaf, false Solomon's seal, red

baneberry, Solomon's seal, white

avens, wild geranium, and wild ginger.

Upland woods On the upper slopes

of the ravines are relatively dry wood-

lands dominated by northern red oak,

slippery elm, white ash, and wild

black cherry. The wildflowers of this

habitat bloom mostly in summer and

fall; they include American figwort,

forest lousewort, lopseed, old-field

five-fingers, tall white beardtongue,

wild bergamot, and zigzag golden-

rod. Crested wood fern, rattlesnake

fern, and toothed wood fern are scat-

tered throughout the woods.

Seeps Water seeps from fissures in

many of the cliffs, often draining into

depressions where boglike conditions

prevail. These low areas are often

covered by masses of mosses, includ-

ing sphagnum. Numerous species of

sedge also grow here, some forming

mounds. Among the other plants are

boneset, jewelweed, marsh fern,

marsh marigold, northern blue flag,

sensitive fern, skunk cabbage, swamp
saxifrage, water scorpion grass, and

white turtlehead.
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BOOKSHELF By Laurence A. Marschall

The Oracle: The Lost Secrets and

Hidden Message ofAncient Delphi

by II illiam /. Broad

Penguin Press, 2006; $25.95

Long before focus groups and com-
puter modeling came into vogue,

a woman (actually a succession of

women) known as the Oracle of Del-

phi was the arbiter of choice for politi-

cians and military planners in ancient

Greece. No carnival fortune-teller, she

was consulted on important matters of

state, from questions ofinheritance and

taxation to issues ofcrime, government

and war. The Delphic Oracle and her

prophecies were extensively docu-

mented in classical texts, and so mod-

Willu.nl.
winning

Seeress of Delphi inhales the gas, or pneuma, that entrances her

(nineteenth-century image).

ern scholars have a pretty good idea of

who she was and how she did her work.

For nine months of the year, from

March through November, the Pythias,

a priestess of Apollo, conducted audi-

ences in the temple of the god in Del-

phi. Seated on a three-legged stool in

a holy chamber, she entertained the

questions of petitioners. Then, after

taking a few breaths ofa sweet-smelling

gas. or pneuma, which rose from a fis-

sure below her, she would pronounce,

normally in verse.

I ler words were sage, suggestive, and

invariably effective. "Love of money
and nothing else will ruin Sparta," she

warned, setting the agenda for a Spar-

tan policy ofmilitarism, physical fitness,

and frugality. "Sit in the middle of the

ship, guiding straight the helmsman's

task," she warned Solon, the Athenian

lawgiver, directing him toward a policy

of moderation and compromise that

served his city well.

Yet as Greece declined and the cen-

turies passed, the temple, shrines, and

statues of Delphi fell into disrepair

—

desecrated by Christian zealots, ran-

sacked by armies, tumbled by earth-

quakes, buried by landslides. By the late

nineteenth century, stories of the Ora-

cle had taken on the flavor of legend.

Then, in 1 892, archaeologists unearthed

the remains of Apollo's temple on the

hillsides of Mount Parnassus, under the

small village of Kastri. As the dig pro-

gressed, most ofthe ancient descriptions

were verified: the tem-

ple and its inner cham-

ber slowly emerged. Ar-

chaeologists even found

a marble slab on which

the Oracle's seat may
have rested, and a

rounded stone, called

the omphalos ("navel"),

which represented Del-

phi's place at the center

of the world. What was

missing, however, was

the cleft that emitted

pneuma, the mysterious

substance that made the

seeress see. That part of

the story, in the conventional wisdom

of the time, must have been malarkey.

Broad, a Pulitzer-Prize-

lg science writer for The

New York Times, picks up the strands of

Oracle history with the story of the

missing cleft. His tale focuses on the

work of several scientists, notably Jelle

Zeilinga de Boer, a geologist at Wes-

leyan University in Middletown, Con-
necticut, and fohn R. Hale, an ar-

chaeologist at the University of Louis-

ville in Kentucky, who, against the

weight of scholarly opinion, set out to

show that a strange gas was indeed

seeping into the Oracle's holy of holies.

Sure enough, de Boer identified geo-

logic faults running through the base-

ment of the temple that could readily

have channeled petrochemical gas dur-

ing the years the Oracle was holding

forth. What is more, an analysis of an-

cient gases trapped in porous rocks at

the Delphic spring, along with samples

of the water that flows there now,

showed that among the gases the Ora-

cle might have breathed was the sweet-

smelling and intoxicating gas ethylene.

De Boer and Hale even enlisted a tox-

icologist named Henry A. Spiller to ad-

minister low doses of ethylene to sev-

eral human subjects, to determine

whether it might induce the trancelike

behavior attributed to the Oracle. It did.

So is that all there is? Was the great

Oracle "as much glue sniffer as guru,"

as one journal has put it? Broad, usually

a hard-nosed reporter, thinks not. In the

penultimate chapter, he suggests that

ethylene just might be a gateway to a

world beyond scientific reductionism.

Or maybe not. Like so much ofwhat

scholars and supplicants have learned

from the Oracle in the past, the answer

is open to interpretation.

Voyage of the Turtle: In Pursuit

of the Earth 's Last Dinosaur

by Carl Safina

Henry Holt and Company, 2006;

$27.50

The leatherback turtle, the heaviest

of all wild reptiles, is a nautical

jet-setter, a natural-born citizen of the

world. After rounds of breeding on

Trinidad's Caribbean coast, a leather-

back gourmand may head for Grand

Banks, thousands ofmiles to the north,

where abundant raw jellyfish can be

found. When the party crowd gets dull

in Japan, a leatherback lothario may

cross the Pacific Ocean to Baja Cali-

fornia, where leatherback females, in-

stinct tells him, are really going wild.

Powerful swimmers and uncanny nav-

igators, these giant sea turtles are ever

in motion, girdling the globe with ease.

The central voyage in Carl Safina's

narrative, however, is the author's own.
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The stops along the way are the many
strands and seascapes frequented by

these marvelous creatures. He watches

female leviathans scrabbling ashore to

Leatherback hatchling embarks on the first

swim of its globe-trotting life.

nest on the beaches of the Caribbean,

observes mother turtles laying clutches

of eggs in the shadows of condos in

Florida and South Carolina, counts

nests from the air on beaches along

Mexico's Pacific coast, and traces turtle

tracks along the almost deserted north-

west coast of Papua New Guinea.

Wherever he goes, he chats with fish-

ermen, scientists, and conservationists

who know the great reptiles intimately.

Although the media give more air

time to whales than to turtles, a re-

markable amount ofeffort has gone into

understanding sea-turtle behavior, and

even more into protecting them from

acute threats to their survival. Their

main enemies these days are poachers

who steal their eggs; shoreline devel-

opment, which disturbs their nesting

grounds; and industrial fishing, which

snags them in nets and on fishing lines.

A sense of wonder suffuses Safina's

luminous prose. It is impossible not

to marvel along with him at the great

turtles' seagoing prowess. Turtles can

dive deeper than whales—the deepest

known leatherback dive is 3,900 feet

—

and can stay under water for more than

an hour on a single gulp of air. Logger-

heads and green turtles, cousins of the

leatherback, can hibernate under cold
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water for weeks. Leatherbacks also gen-

erate their own heat, keeping as much
as 40 Fahrenheit degrees warmer than

their surroundings.

A sea turtle's senses, at least out ofthe

water, can sometimes seem out of kil-

ter—hatchlings, heading out to sea at

night, often confuse the lights of con-

dos and parking lots with the bright

horizon ofopen water. Yet once at sea,

the turtle is as flawless a navigator as an

airplane equipped with GPS. Leather-

backs fitted with satellite transmitters

have been tracked back and forth across

the Atlantic and the Pacific, and females

have returned, after an absence ofmore

than a decade, to the stretch of beach

where they were born.

Like so many natural-history narra-

tives these days, Safina's is tinged with

anxiety. In some areas, particularly in

the Pacific, leatherback populations

have plummeted, ravaged by develop-

ment ashore and by unregulated fish-

ing at sea. Yet in the Atlantic, where

many shoreline communities have sea-

sonal regulations on lighting to ac-

commodate nesting turtles, and where

U.S. commercial shrimping nets are

now equipped with turtle escape de-

vices, leatherbacks seem to be flour-

ishing. Some populations are even

growing back exponentially. Sea tur-

tles have been around for a hundred

million years or so, and with a little

help from people like the ones in Sa-

fina's book, they may swim the seas for

hundreds of millions more.

Sky in a Bottle

by Peter Pcsic

MIT Press, 2006; $24. 95

Why is the sky blue? That inno-

cent question is the point ofde-

parture for Peter Pesic's magisterial his-

tory of light in the atmosphere. Its form

rec alls the encyclopedic monographs

of a century ago, focused on a single

point of erudition and replete with

footnotes in exotic tongues and arcane

alphabets. Pesic is a tutor and musician-

in-residence at the campus of St. John's

College in Santa Fe, New Mexico,

whose curriculum emphasizes the

study of great books of the Western

tradition. So the mode ofdiscourse the

author has chosen suits him just fine.

But fortunately for the reader, the

scholarly Pesic has eschewed obfusca-

tion and produced a succinct and ap-

proachable intellectual history that

sheds light on the entire scientific en-

terprise. Sky in a Bottle begins, not sur-

prisingly, with the Greeks, who de-

bated all the fundamental elements of

the blue-sky problem: the structure of

the heavens, the phenomenon ofcolor,

and the nature ofvision itself. Does the

eye send out a stream of fire that "feels"

Fanny Brennan, Sea Mail, 1987

the objects it senses? Or do luminous

objects give off rays of some kind,

which convey color to the viewer?

It was not until the late nineteenth

century that those questions were fully

resolved, and with them the question

about the color of the daytime sky.

Light, as it is understood today, is a

form of electromagnetic wave pro-

duced by the vibration of atoms. The
wavelength of light largely determines

the color we perceive. Sunlight, which

illuminates the sky, has a wide spec-

trum of wavelengths, but molecules of

air preferentially scatter the short, blue

wavelengths. By the same token, the

longer wavelengths—green, yellow,

red—tend to pass straight through the

air, so the color of the Sun we see is an

aggregate of those colors. So when we
look at the air instead of the Sun, we
see the scattered, blue light—the color

of the sky.

Virtually every major philosopher

and experimentalist in Western science

contributed to this understanding.

They include household names such as

Newton—who pioneered the study of

the spectrum—as well as physicists

revered only by their own: Augustin-

Jean Fresnel, Christiaan Huygens,

James Clerk Maxwell, and Thomas
Young. Leonardo da Vinci, the Re-
naissance polymath and artist, thought

deeply about how the atmosphere af-

fected colors. Indeed, Leonardo gets

the credit for the invention of "aerial

perspective," whereby the artist can

make the features in a landscape look

distant by adding some subtle bluish

tints. Leonardo's notebooks also doc-

ument an experiment to re-create the

azure of the sky in a bottle by shining

light through water-filled containers.

Lesser known, but equally inven-

tive, was Horace-Benedict de Saus-

sure, an eighteenth-century Swiss nat-

uralist whose passion was mountain

climbing. To measure the blue of the

sky, which seemed to darken the

higher he went, de Saussure developed

a "cyanometer." Then he discovered

that a solution of copper sulfate and

ammonia could reproduce a jar of

heaven even more convincingly blue

than Leonardo's bottled sky.

References to the blue of the sky

occur throughout Western art

and literature, and Pesic quotes from a

wide range of artists and writers—the

abstract painter Wassily Kandinsky, the

novelist Gustave Flaubert, the poet Wal-

lace Stevens, even Edgar Allan Poe—on

the baffling color of the heavens.

Some may fault Pesic for casting his

net too widely, for mixing science, phi-

losophy, literature, and art with little

discrimination. Yet this little gem of a

book succeeds on a premise that echoes

the early debates of the Greeks about

the nature of light: that nature is more

than just physical forces acting on pas-

sive receivers. The blue ofthe sky owes

as much to mind as to matter. Pesic puts

it succinctly: "The sky as we see it al-

ways remains in the ultimate bottle: the

human brain."

Laurence A. Marschall, author of'The

Supernova Story, is W. K.T. Sahm Professor

ofPhysics at Gettysburg College in Pennsylva-

nia, and director ofProject CLEA, which pro-

duces widely used simulation softwarefor edu-

cation in astronomy.
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LETTERS nature.net

(Continued from page 12)

Christine M lot's article ["Alaska's

Underground Frontier," 4/06] is a

fitting tribute to those often unsung

heroes. The Microbial Observatories

program, funded by the U.S. Na-

tional Science Foundation, is an

important starting point, but lists of

taxa and the discovery of new diver-

sity are less important than increas-

ing the understanding of how
microorganisms interact with one

another and their environment as

they grow, reproduce, and survive in

soil. Microbial responses to environ-

mental change may be particularly

critical. In northern latitudes, for in-

stance, the fungal response to climate

warming may determine to what

extent permafrost soils will release

carbon dioxide into the atmosphere,

creating a positive feedback to

greenhouse warming.

Teri C. Balser

University of Wisconsin—Madison

Minnie Diva

Not all mice sing in an ultrasonic voice

["Samplings: Melodious Mice," 2/06].

In 1 932, when I was about fifteen, my
parents, my four siblings, and I saw a

mouse that sang like a canary When
we first heard it, it was inside a wall

space about six inches wide, between

the living room and the kitchen, and

we were puzzled about how a canary

had gotten into the space. Almost

every night for a few weeks we heard

the song. One night the song sounded

much louder. There in the doorway

between the living room and the

kitchen was a mouse, sitting on its

haunches, singing its canarylike song.

We heard it many times thereafter,

but we never saw it again.

Harrison C. Mondy

Pasadena, California

Natural History welcomes correspondence

from readers. Letters should be sent via

e-mail to nhmag@naturalhistorymag.com

or byfax to 646-356-651 1 . AH letters

should include a daytime telephone number,

and all letters may be edited for length

and clarity.

Ben's 300th

By Robert Anderson

Years ago, when I was walking

through the Paris neighborhood

of St.-Germain-des-Pres, a bronze

plaque caught my attention. More
precisely, it was the name that caught

my eye: Benjamin Franklin. On Sep-

tember 3, 1783, the plaque noted, at

56 Rue Jacob, Franklin, John Jay, and

John Adams signed the Treaty ofParis,

George Ill's formal recognition ofthe

colonies' independence.

Only now, however, as I check out

the Web sites that mark the 300th an-

niversary of Franklin's birth, have I

come to fully appreciate how he

reached that triumphant moment. Al-

though Franklin was a well-spoken

gentleman and a successful business-

man, his fame as a scientist was his en-

tree to European society. It gave him

the clout to secure the French aid so

critical to keeping the War of Inde-

pendence afloat. Thus his experi-

ments with electricity led, albeit indi-

rectly, to the birth ofthe United States.

Not surprisingly, Franklin, one of

the most widely recognized Ameri-

cans of his age, has a huge Web pres-

ence. Start with the tercentennial site

(benfranklin300.com), created by a con-

sortium ofPhiladelphia-based institu-

tions. The section titled "Useful

Knowledge" delves into his scientific

accomplishments. Back on the main

menu bar, click "Et Cetera" and you'll

find a link to the best list ofannotated

Franklin links on the Internet.

Franklin continued to dabble in sci-

ence while representing Pennsylvania

in London from 1757 until 1775. The
Franklin Institute, a Philadelphia

science museum famous for hands-

on learning, has a self-guided tour

of Franklin's contributions (fi.edu/

franklin/tour). At the American Philo-

sophical Society (our nation's oldest

science institution, founded by

Franklin in 1 743), a special exhibit fo-

cuses on Franklin's little-known rela-

tionship with a Russian princess

named Ekaterina Dashkova forged to

promote the exchange of scientific

knowledge (www.amphilsoc.org/exhibi

tions/princess.html).

Myths still surround many of

Franklin's achievements, some need-

lessly embellishing his work. For ex-

ample, some people still credit him
with discovering the Gulf Stream,

when in fact he only charted it with

temperature measurements during

his many Atlantic crossings. At oceans

oniine.com/ben_franklin.htm you'll get

the full story.

At ushistory.org/franklin click on "The

Kite Experiment" for a rundown on

his work on electricity. The Public

Broadcasting Corporation has an in-

teractive version of Franklin's most fa-

mous experiment, where you can fly

a virtual kite yourself using diverse

materials in a variety of weather con-

ditions. (From www.pbs.org/benfranklin

click on "Explore" and then on the

unit "How Shocking.") Contrary to

popular belief, lightning was not in-

volved in Franklin's experiment. He
knew enough to avoid it.

My favorite Franklin site, however,

was created by one Robert A. Morse

while a fellow at the Wright Center for

Science Education at Tufts University

(tufts.edu/as/wright_center/feliows/bob_

morse_04/). In nine lessons titled "Ben

Franklin As My Lab Partner," Morse

explains how to reproduce Franklin's

electrostatic experiments. The lessons

are accompanied by thirteen video

clips that show how to build the ap-

paratus with ordinary items such as

aluminum foil, Christmas tinsel, pen-

cils, and Styrofoam cups. If all the

grade school science teachers across

the country exposed their students to

the fun of these lessons, Franklin's sci-

entific contributions might gain the

broad appreciation they deserve. I

can't think ofa better way to celebrate

Ben's 300th birthday than generating

a few sparks.

Robert Anderson is a freelance science

writer living in Los Angeles.
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OUT THERE

Shades of the Past
A clearer view of cosmic inflation,

through the polarized light of the big bang

By Charles Liu

It's
late afternoon

on a cloudless

day at the

beach, and the Sun

is hanging just

above the horizon.

You want to watch

the sunset, but you

can't bear to look: not on-

ly is the Sun itself too bright to

view, but the reflected glare from the

waves hurts your eyes. No problem: you

slip on a pair of polarized shades, and

voila! You still can't look directly at the

Sun, but the glare off the ocean is gone.

Polarization is one ofthose scientific

terms that show up in regular speech

all the time. Unfortunately, the poli-

tical sense of the word is almost the

reverse of its optical sense. A polarized

citizenry, of course, is one whose
opinions are so divided that the camps

might as well be coming from opposite

poles of the world. Polarized light, by

contrast, marches in lock-step; it's uni-

form and coherent.

Polarized light comes at us through

polarizing sunglasses and camera filters,

as well as from such technogadgets as

cell-phone screens, computer moni-

tors, and flat-screen TVs. It also em-
anates from almost any reflective sur-

face—the ocean, for instance.

You can add the universe itselfto your

list of polarized-light sources. In fact,

polarized light has long been a vital tool

for us astronomers. Much of what we
know about dust-enshrouded, super-

massive black holes in distant galaxies,

for instance, comes to Earth because of

polarized light. Now, thanks to astron-

Full-sky map, rendered in false colors, shows

the temperature distribution of the cosmic

microwave background (CMB), as measured

by NASA's Wilkinson Microwave Anisotropy

Probe. Relatively cold regions are shown in

blue, relatively warm regions in red. Along

the white bars are regions in which the

orientation of the polarization of the CMB
radiation field remains the same. Although

imperceptible to the eye, the correlation

between temperature "hot spots" and

polarization strengths provides the best

observational evidence to date in support of

the inflationary model of the universe.

omers working with the Wilkinson Mi-

crowave Anisotropy Probe (WMAP)

—

a satellite that has been orbiting some

900,000 miles above the Earth since

June 2001—polarization has been de-

tected and measured in the oldest light

of the cosmos: the afterglow of the

biggest bang ot all.

Light travels from place to place in

waves. In an ocean wave, the water

just goes up and down as the wave pass-

es by, but the energy moves along the

wave until it crashes on the shore. A light

wave works the same way: picture a rope

wiggling up and down really fast, and

you'll get the idea. But unlike waves on

the ocean, light isn't restricted to up-

and-down waves; waves in a beam of

light can go up and down, side to side,

or any diagonal tilt in between—all as

they come toward you. The result is a

complex, braidlike beam—like a whole

bunch of wiggling ropes, intricately in-

terwoven but not interfering with one

another, carrying energy forward along

their gyrating lengths.

Every ordinary (unpolarized) beam
oflight is made up oflots ofweak-

er light waves, all wiggling

back and forth at differ-

ent tilts. Each wave can

be broken down into

i up-and-down and

side-to-side com-
ponents; so when
you add up all those

weaker waves, you get

the equivalent of two

stronger waves added to-

gether—one wiggling up and

down, the other side to side. In ordi-

nary circumstances, light is likely to

move forward completely randomly, so

the up-down and side-to-side waves

are equally strong. But if some physi-

cal process makes one wiggle direction

of light stronger than the other, the

light becomes polarized [see illustration

on page 66}.

So, if you build a filter with long,

thin, parallel strips, it'll let through

only the light wiggling in one direc-

tion (say, up and down), while block-

ing the light that wiggles in the other

direction (say, side to side). The light

that comes through the filter is polar-

ized—more orderly and less bright.

You can imprint such a filter onto a

piece of plastic, and presto! glare-

reducing sunglasses! Or you can sand-

wich some gelatinous filter material be-

tween sheets of glass, and control the

amount ofpolarization with weak elec-

trical signals. Wow! Flat-screen TVs!

Out there, polarization happens

naturally where light gets reflect-

ed or scattered a lot. For example, a few

paragraphs earlier I mentioned super-

massive black holes. Such a black hole

(Continued on page 66)
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OUT THERE (Continued from page 62)

is straddled by a doughnut-shaped cloud

of dense, hot gas. If we here on Earth

see it side-on, the doughnut "hole"

points at right angles to our line ofsight;

all we see is the obscuring gas, and we
can't see down toward the black hole it-

self. But if light coming out of the

doughnut hole shines into clouds of

dusty gas farther away, some ofthat light

will bounce our way offthe dust in those

clouds—the same way that smoke or fog

in a flashlight beam reflects

the light sideways into view.

That reflected light is polar-

ized, so by putting a polar-

izing filter in our telescope

camera, we astronomers can

isolate the light bouncing oft

those clouds—in effect, us-

ing them as giant angled mir-

rors to look into the dough-

nut and indirectly study the

black hole within.

What about light that

permeates the cosmos as a

whole? The universe has

been expanding at a more or

less constant rate for billions

of years. According to cur-

rent theory, though, it

swelled by the staggering factor of at

least ten trillion trillion in size between

10
3:5

and 10
,2

second after the big

bang. To distinguish it from ordinary

expansion, that expansion-on-steroids

is called the inflationary epoch, or just

inflation. Inflation is strongly support-

ed by circumstantial evidence, but un-

til now it had not been confirmed by

any observational data.

For decades, though, astronomers

predicted that inflation might have left

a telltale imprint in the energy distribu-

tion of the early universe. That energy,

observable today as the leftover heat

from those early times, is called the cos-

mic microwave background (CMB)

—

the oldest direct signature ofthe big bang

[see "Sharper Focus," by Charles Liu, May
2003]. I )epending on how inflation ac-

tually happened, the amount of polar-

ization in the background light would

vary according to fluctuations in th.it

light at any given location in space.

Here's how it all went down. Before

inflation happened, the big bang sent

powerful gravitational Shockwaves

through the infant universe. By then,

the energy that filled space was already

mottled with barely perceptible quan-

tum fluctuations—the seeds of today's

large-scale cosmic structure. So the in-

terplay between the gravitational waves

and the quantum fluctuations (within

the first trillionth ofa trillionth ofa tril-

lionth of a second after the big bang!)

Polarization of light is depicted in the schematic diagram. An ordinary

light beam (a) is made up of many waves that oscillate in any random

plane that makes a right angle to the beam direction (b). A polarizing

filter (c) passes only those wave components that oscillate in the same

orientation as the filter. The resultant beam is polarized (d).

gave rise to patterns of electric and

magnetic fields that in turn partly po-

larized the cosmic background light.

If, at this point, inflation kicked in, a

whopping amount of energy flooded

the universe, seemingly out ofnowhere;

then the energy flow must have shut off

by the time the observed, normal rate

of expansion resumed. In the basic in-

flation model, that shut-offwould hap-

pen naturally if the broader, wider

quantum fluctuations had bigger tem-

perature variations than the smaller

ones. Since the energy of inflation

would have interacted with all of the

still-traveling gravity waves and all ofthe

still-present quantum fluctuations, that

temperature-varying signature would

have left a strong imprint in the polar-

ization pattern of the cosmic back-

ground—many times greater than what

had existed before inflation began.

The measurement—discerning the

overall polarization pattern, and then

isolating its various components—is

brutally difficult. The structure of the

CMB is subtle enough as it is, varying

in temperature by less than one part in

10,000 across the entire sky. The varia-

tion in background polarization, in turn,

is only a tenth to a hundredth the

strength ofthose temperature variations.

Amazingly, though, the WMAP team

made the measurement.

By combining more than three years

of data, the team measured the back-

ground temperature of the

universe to a precision of

several millionths of a de-

gree, on angular distance

scales varying from less than

the width of the Moon to

the breadth ofthe entire sky.

Then they extracted the var-

iation in polarization from

that background tempera-

ture, and measured how
much the polarization varies

from one scale to another.

The results appear to con-

firm two things: Larger-size

fluctuations do seem to have

greater temperature varia-

tions than smaller-size ones.

And the temperature varia-

tions in the polarized light caused by

gravity waves from the big bang are less

than a third the strength of the varia-

tions unrelated to those waves. Both

results suggest—for the first time with

some observational confidence—that

inflation did indeed take place.

That is a lot to wrap your head

around, but then, the origin ofthe uni-

verse should be a little deep, right? And
remember, it is all being studied

through polarizing filters. So the next

time you're at the beach, enjoying a

sunset that is particularly sublime, you

may experience a momentary oneness

with the world. And maybe, as you re-

flect that the light passing through your

glare-reducing shades is polarized, just

like the oldest light in the cosmos, that

sense ofoneness will extend to the uni-

verse as well.

Charles Liu is a professor of astrophysics at the

City I Wversity of New York and an associate

with the American Museum of Natural History.
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THE SKY IN JUNE By Joe Rao

Mercury puts on a fine show for much
of June, not setting for as long as an

hour and forty-five minutes after sun-

down. Look for it low above the west-

northwestern horizon as twilight dark-

ens. Mercury beginsJune at magnitude

-0.9 but fades considerably thereafter.

Although it gains its greatest elongation

(twenty-five degrees east ofthe Sun) on

June 20th, it reaches its highest altitude

(eighteen degrees above the horizon

at sunset) in the week before then, as

seen from forty degrees north latitude.

Around the 9th, the planet may be easy

to confuse with two bright stars, Capel-

la, far to its right, and Procyon, far to

its left. On the 27th, Mercury appears

almost exactly in line with the "twin

stars," Castor and Pollux, in the con-

stellation Gemini, the twins. A line

from Castor through Pollux, extending

a bit more than twice the distance be-

tween them, brings you to Mercury.

Hovering about six degrees above the

planet is a young crescent Moon.

Venus rises in the east with the first light

of dawn, flaming at magnitude —3.8, a

dazzling but low "morning star" you

can pick out ofthe brightening daylight

as sunrise approaches. On the 22nd
binoculars should reveal the Pleiades star

cluster six degrees to the north (upper

left) of Venus. The following morning,

an old crescent Moon, just two and a

half days before new, is positioned well

to the left or Venus.

In earlyJune Mars sets about three hours

after the Sun. Compared to its brilliant

apparition last fall, the Red Planet now
appears small and faint. DuringJune it

dims slightly, from magnitude 1.7 to

1 .8, and it is now classified as a second-

magnitude object. Not only is Mars on
the far side of its orbit from Earth, but

on the 26th it's also at aphelion, its

greatest distance from the Sun.

Mars moves eastward throughout

June, appearing within the Beehive

cluster (aka M44) in the constellation

Cancer, the crab, on the 15th. Mars is

also approaching Saturn during the first

half ofJune, and on the evening of the

17th, the Red Planet slides just 0.6 de-

gree to Saturn's north (upper right). On
the 28th Mars lies less than two degrees

below a slender crescent Moon.

Jupiter is installed grandly in the south,

a wonderfully easy target at dusk. Al-

though Venus outshines it, Jupiter is the

dominant light in its part ofthe sky and

still offers a generously big disk for tele-

scopes. The banded giant forms the base

of a large isosceles triangle with the

bright star Spica, in the constellation

Virgo, the virgin; the brilliant star Arc-

turus, in the constellation Bootes, the

herdsman, forms the apex of the trian-

gle. On the evening of the 6th a gib-

bous Moon appears a few degrees west

(to the right) of Spica; on the evening

ofthe 7th it is situated below and to the

right ofJupiter; and on the 8th, below

and to the left ofJupiter.

Saturn is in Cancer in the western sky

at dusk. On the 1st it sets about four

hours after the Sun, but by the 30th it's

setting around the time that the two-

hour twilight is ending. Mars, moving

much faster than the ringed planet, races

up to meet Saturn by the evening ofthe

17th (see the description in the notes

on Mars, above). In spite of its vastly

greater distance from Earth, Saturn

glows more than three and a half times

brighter than Mars. The crescent Moon
slides through this part ofthe sky on the

evenings ofthe 27th and 28th. At mid-

month Saturn's rings are tilted eighteen

and a half degrees to our line of sight.

The Moon waxes to first quarter on the

3rd at 7:06 P.M., and to full on the 1 1 th

at 2:03 P.M. It wanes to last quarter on

the 18th at 10:08 A.M., and becomes

new on the 25th at 12:05 p.m.

The solstice takes place on the 21st at

8:26 A.M. Summer officially begins in

the Northern Hemisphere; winter in

the Southern Hemisphere.

Unless otherwise noted, all times are given

in eastern daylight time.

What do whale watching

and watercolor painting

have in common?

NCV s new
WinterVoyages.
NCV's new Winter Voyages offer a host of richly

rewarding ways to experience the stunning beauty

and age-old traditions of Norway in winter.

There are voyages that feature painting and

photography lessons, sailings that take you on a

"Whale Safari," and others that explore Arctic

Norway and celebrate Christmas Norwegian style

Air-inclusive prices start at less than $1,999.

Call 1-800-205-3005 for a brochure,

1-800-323-7436 For reservations.

Prices are per person, double occupancy, bused on

inside cabin, and include port taxes and gratuitic

orwegian coastal Voyage
www.norwegiancoastalvoyage.u s
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Lizards & Snakes: Alive!
Opens Saturday, July 1

Snakes and their slithering and

scurrying friends have always

had, well, an image problem. But

Lizards & Snakes: Alive! an engaging,

family-friendly exhibition opening July

1 , sheds new light on these magnifi-

cent, much-maligned creatures—lizards

and their legless cousins, the snakes.

Veiled chameleon

Some 60 live examples of this group,

known as a whole as squamates, will

be on view, up close and personal, in

meticulously re-created habitats with

natural features from rock ledges to

plants to ponds—whatever makes the

animal feel at home, whether that's

the Amazon, the Caribbean, or the

Galapagos Islands. Specimens range

from a four-inch tropical girdled

lizard to a fifteen-foot Burmese

python and also include geckos,

chameleons, iguanas, boa constric-

tors, cobras, and more; in all, repre-

senting 27 distinct species.

Grounded in the group's evolutionary

history, the exhibition explores how
squamates developed so many shapes

and sizes, came to live in so many
habitats—all but the coldest and highest

places on Earth—and acquired such

remarkable adaptations as projectile

tongues, deadly venom, clever camou-

flage, and sometimes surprising modes

of locomotion.

"This exhibition dispels

many mistaken notions,"

said Darrel Frost, Curator-in

Charge in the Museum's

Department of Herpetology

and Associate Dean of Sci-

ence. "For instance, snakes are not

slimy and are just an amazingly success-

ful group of lizards that have lost their

legs." He added, "This exhibition will

leave the visitor with a sense ofwonder

at the remarkable diversity of this very

large but underappreciated group."

The exhibition also conveys the latest

research, reflecting ongoing work con-

ducted by Museum scientists and their

colleagues around the world, from boa-

and pit viper-inspired innovations in

remote sensing to advances in diabetes

research made possible by the study of

Gila monster venom.

Numerous interactive stations through-

out invite visitors to listen to recorded

sounds, zoom in on live geckos, follow a

rattlesnake on the hunt, and view videos

of lizards and snakes in action. "Squa-

mates vary enormously in how they

spend their lives," said Dr. Frost. "For ex-

ample, how they hunt and capture prey,

from using sticky projectile tongues as

long as their bodies to swallowing prey

much larger than their heads—the

equivalent of a human swal

lowing a watermelon, with

no hands!"

An activity center for chil

dren features more than

a dozen hands-on activ-

ities, including skele-

tons to assemble,

touchable skin casts,

Green tree monitor

puzzles, and games. Among the highlights

is a fossil cast of Magalania prisca, the

largest-known terrestrial squamate, which

lived in Australia from 1 .6 million to

40,000 years ago and grew to 30 feet long.

The exhibition is curated by Dr. Frost,

David Kizirian, Curatorial Associate in

the Department of Herpetology, and

Jack Conrad, Postdoctoral Fellow, Divi-

sion of Paleontology.

Lizards 6 Snakes: Alive! is organized by the American Mu-

seum of Natural History, New York (www.amnh.org), in

collaboration with the Fernbank Museum of Natural His-

tory, Atlanta, and the San Diego Natural History

Museum, with appreciation to Clyde Peeling's Reptiland.

Lizards i- Snakes: Alive! is made possible, in part, by a

grant from The Dyson Foundation and

the Amy and Larry Robbins Foundation.

Emerald boa
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An underground cave where fragile speleothems have formed

Journey into Amazing Caves, a grip-

ping IMAX film, follows cave ex-

plorer Nancy Aulenbach and microbi-

ologist Hazel Barton as they search

some of Earth's most extreme envi-

ronments for micro-organisms with

possible new medical applications.

Narrated by Academy Award nominee

Liam Neeson, the film is an adventure

through natural underground land-

scapes that are as stunning as any

place on Earth's surface. Audiences

rappel down a sheer vertical cliff

in Little Colorado River Canyon,

Arizona; drop into shimmering

labyrinths of ice in Greenland; and

squeeze through the narrow, twisting,

flooded passages of Dos Ojos in the

Yucatan jungle, an underwater cave

stretching over 38 miles.

IMAX films at the American Museum of Natural History

are made possible by Con Edison.

Last Chance for The Butterfly Conservatory:

Tropical Butterflies Alive in Winter! Closes June 23

Kids and adults alike are

mesmerized and delighted

by the fluttering iridescent

creatures that might hitch a

ride on an arm or shoulder.

Truly a hands-on learning

experience, The Butterfly

Conservatory has been a

favorite of Museum visitors

for eight years.

This exhibition is made possible, in

part, through the generous support

ofjPMorgan Chase.

Sandy Wright

Administrative Manager,

Visitor Services

Like many 4-year-olds, Sandy

Wright's nephew chattered away

the first time she took him through

the Museum; that is, until they

reached the fossils on the fourth floor.

Sandy smiles as she describes the si-

lence that came over him as he stared

up at the dinosaurs, his jaw gaping in

awe. "It was so neat to tell him, 'This

is where I work every day!'"

Sandy is as excited about her job

today as she was seven years ago when

she turned down an offer at an adver-

tising agency just to interview at the

Museum. The gamble paid off and she

has been with Visitor Services ever

since, researching special projects,

tracking complaint letters, fielding do-

nation requests and, more recently,

helping select the IMAX films shown in

the Museum's LeFrak Theater.

"I work with an outside consultant

to find potential films, conduct re-

search on film literature and box office

reports, set up screenings, and finally

select the films."

She is thrilled about the positive

viewer feedback on the most recent

choice, journey into Amazing Caves,

which Sandy describes as "an interest-

ing blend of an adventure story with

medical exploration."

Born in Springfield, Ohio, Sandy

studied nutrition in Tallahassee,

Florida, before moving to New York.

She lives with her husband (whom she

first met at age 12!) in the Hudson Val-

ley, where she is learning to sail and ap-

plies her interest in food to cooking out

with friends. "I really feel like I get the

best of both worlds, working in the city

by day and enjoying the tranquil scenery

of the Hudson on the weekends."

The contents of these paces are provided to Naturm History by the American Museum of Natural History.
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A display of horse evolution in Darwin

Darwin

Through August 20, 2006

Featuring live animals, actual

fossil specimens collected by

Charles Darwin, and manu-

scripts, this magnificent exhi-

bition offers visitors a com-

prehensive, engaging

exploration of the life and

times of Darwin, whose dis-

coveries launched modern

biological science.

The American Museum of Natural

History gratefully acknowledges

The Howard Phipps Foundation

for its leadership support.

Significant support for Darwin

has also been provided by

Chris and Sharon Davis,

Bill and Leslie Miller, the Austin Hearst

Foundation, Jack and Susan Rudm,

and Rosalind P. Walter

Additional funding provided by

the Carnegie Corporation of New York,

Dr. Linda K. Jacobs, and the

New York Community Trust-

Wallace Special Projects Fund.

Darwin is organized by the American

Museum of Natural History, New York

(www.amnh.org), in collaboration with

the Museum of Science, Boston; The

Field Museum, Chicago; the Royal

Ontario Museum, Toronto, Canada; and

the Natural History Museum, London,

England.

The Butterfly Conservatory

Through June 23, 2006

A return engagement of this

popular exhibition includes up

to 500 live, free-flying tropical

butterflies in an enclosed

habitat that approximates

their natural environment.

This exhibition is made possible, in part,

through the generous support of

)PMorgan Chase.

Voicesfrom South ofthe Clouds

Through July 23, 2006

China's Yunnan Province is

revealed through the eyes of

the indigenous people, who

use photography to chronicle

their culture, environment,

and daily life.

The exhibition is made possible by a gener-

ous grant from Eastman Kodak Company.

The presentation of this exhibition at the

American Museum of Natural History is

made possible by the generosity of the

Arthur Ross Foundation.

Land snail in Vital Variety

Vital Variety

Ongoing

Beautiful close-up photo-

graphs highlight the diversity

of invertebrates.

LECTURES
Mark and Delia Owens:

Secrets of the Savannah

Thursday, 6/1,7:00 p.m.

Mark and Delia Owens dramati-

cally reduced poaching of ele-

phants in Zambia by offering

villagers alternatives. A book

signing follows.

The 1906 Earthquake

Tuesday, 6/13, 7:00 p.m.

Introduced by Edmond

Mathez, AMNH, and led by

Mary Lou Zobak, USCS, this

compelling lecture addresses

lessons learned and future di-

rections in earthquake science

and management.

learn about the natural

world at AMNH summer camps.

An Evening with

Edward O. Wilson

Wednesday, 6/14, 7:00 p.m.

Two-time Pulitzer Prize winner

Edward O. Wilson converses

with Museum Provost Michael

Novacek. A book signing

follows.

Endless Forms Most Beautiful

Thursday, 6/22, 7:00 p.m.

Sean Carroll, University of

Wisconsin-Madison, discusses a

new view of the relationship be-

tween developmental and evolu-

tionary biology.

FIELD TRIPS AND
WORKSHOPS
Around Manhattan Island

Tuesday, 6/20, 6:oo-g:oo p.m.

A three-hour cruise with geolo-

gist Sidney Horenstein.

South African Beading

Four Thursdays, 6/22-7/1}

7:00-9:00 p.m.

Led by instructor Marsha Davis.

FAMILY AND
CHILDREN'S PROGRAMS
Robots in Space III

(Advanced)

Tuesday-Thursday, 6/6-8

4:00-5:30 p.m.

Hone your skills as an expert

robot designer.

NEW! Cosmic Splat!

Saturday, 6/10

11:00-12:30 p.m. (Ages 4-5,

each child with one adult)

1:30-3:00 p.m. (Ages 6-7,

each child with one adult)

Explore the forces that drive

the universe.

AMNH ADVENTURES:

SUMMER CAMPS
Monkey Business:

Primatology

Monday-Friday, 6/19-23

Starry Nights

Live Jazz

Rose Center for Earth

and Space

Friday, June 2

6:00 and 7:30 p.m.

Houston Person
Quartet

The 7:30 p.m. set will be broadcast

live on WBGOJazz 88.3 FM.

Starry Nights is made possible, in part,

by Fidelity Investments.



o.'oo a.m.-4:oo p.m.

(For children entering

grades 2 or 3)

Journey to rain forests, dry

forests, and savannahs.

NEW! AMNH Sampler

Camp
Monday-Wednesday, 6/26-28

9:00 a.m.-v.oo p.m.

(For children entering grade 1

)

A day each of astrophysics,

lizards, and oceans.

Ocean Adventures

Monday-Wednesday, 6/26-28

9:00 a.m.-y.oo p.m.

(For children entering

grades 2 or 3)

From squid dissections to

"fish tales," this camp is full

of fun activities.

l> >
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In the Milstein Hall ofOcean Life

Glowing gas surrounds a hot,

massive star in our Milky

Way galaxy.

HAYDEN PLANETARIUM
PROGRAMS
TUESDAYS IN THE DOME
Virtual Universe

Nebulae

Tuesday, 6/6, 6:30-7:30 p.m.

ThisJust In...

June's Hot Topics

Tuesday, 6/20, 6:30-7:30 p.m.

Celestial Highlights

The Bear and the Lion

Tuesday, 6/27, 6:30-7:30 p.m.

HAYDEN PLANETARIUM
SHOWS
Cosmic Collisions

Journey into deep space—well

beyond the calm face of the

night sky—to explore cosmic

collisions, hypersonic impacts

that drive the dynamic forma-

Become a Member of the

American Museum of Natural History

As a Museum Member, you will be among the first to

embark on new journeys to explore the natural world

and the cultures of humanity. You'll enjoy:

Unlimited free general

admission to the Museum
and special exhibitions,

and discounts on Space

Shows and IMAX films

Discounts in the Museum
Shops and restaurants and

on program tickets

Free subscription

to Natural History

magazine and to Rotunda,

our newsletter

Invitations to Members-

only special events,

parties, and exhibition

previews

For further information, call 212-769-5606

or visit www.amnh.org/join.

tion of our universe. Narrated

by Robert Redford.

Cosmic Collisions was developed in col-

laboration with the Denver Museum of

Nature & Science; GOTO, Inc., Tokyo,

Japan; and the Shanghai Science and

Technology Museum.

Made possible through the generous

support of CIT.

Cosmic Collisions was created by the

American Museum of Natural History

with the major support and partnership

of the National Aeronautics and Space

Administration's Science Mission Direc-

torate, Heliophysics Division.

SonicVision

Fridays and Saturdays,

7:30 and 8:30 p.m.

Hypnotic visuals and rhythms

take viewers on a ride through

fantastical dreamspace.

SonicVision is made possible by generous

sponsorship and technology support from

Sun Microsystems, Inc.

The Museum's spectacular new
Space Show

LARGE-FORMAT FILMS
LeFrak IMAX Theater

Journey into Amazing Caves

Visit www.amnh.org for

showtimes.

IMAX films at the Museum are made
possible by Con Edison.

INFORMATION
Call 212-769-5100 or visit www.amnh.org.

TICKETS AND REGISTRATION
Call 212-769-5200, Monday-Friday, 9:00 a.m.-5:00 p.m.,

or visit www.amnh.org. A service charge may apply.

All programs are subject to change.

AMNH eNotes delivers the latest information on Museum
programs and events to you monthly via email. Visit

www.amnh.org to sign up today!

TI-ilE LIGHT FANTASTIC
The super-thin, 6"-diameter Lumin Disk is hypnotic, putting on an interactive

light show that intensifies when you touch the screen, speak, or play music.

In blue or green. AC adapter included.

The contents of these paces are provided to Natural History by the American Museum of Naturai History.



As part of rt8BHBP^^'
study the physiology of wild

baboons in the Serengeti,

which is where I am now. I share my
camp with a guy named Soirowua, a

member of the local Masai.

The other morning, we were col-

lecting firewood—not one of my
favorite chores. I'm always anxious

about stomping around in thickets

with no visibility. At a particularly

thick stretch, I balked. "Er, do you

think it's a good idea to go in there?"

"Why not?" Soirowua answered,

puzzled.

"Urn, there may be buffalo in

there."

That made his day. He chortled

with delight at my wimpiness and

plunged on in, emerging some time

later with firewooci.

That evening I found myself sulk-

ing about the incident, searching for

some retort that would shore up my
always fragile sense of manhood.

"Okay," I thought, "so Soirowua's

great with buffalo, but could he navi-

gate the Forty-Second Street subway

station? Could he score tickets to

The Lion King on short notice?"

Ah, there you have it, the contrast

between a highly urbanized culture

and that of more traditional human-

ity. For nomadic pastoralists like

Soirowua, most stress involves some
physical challenge—disease, drought,

hungry lions. For a New Yorker,

stress takes the form of unprecedent-

ed population density, time-pressured,

ambiguous social interactions, finding

tickets to shows about lions.

With the two lifestyles pigeonholed

and dichotomized, I feel a rant ready in

the wings: how our Westernized way
of life of chronic psychosocial stress

sets us up for all sorts of maladies. . . .

There's just one problem with that

explanation: Lots of people, includ-

ing me, love New York and all its

stressors. Plenty of New Yorkers have

fled their warm, supportive, calm,

Stress and
the City
By Robert M. Sapolsky

safe small towns all over America to

live in a closet-size apartment and

spend subway time every day armpit-

to-armpit with strangers.

What's up with that?

Well, some people probably don't

actually like New York in the slight-

est—survival and mastery are what's

pleasurable. They "do" New York for

a year, before fleeing back to where

they came from, adventure complete.

They don't count in this analysis.

Then there are the folks whose

pleasure is deconstructing the New
Yorkmess out of the city, turning

one little piece of it into an embed-

ded village. Apparently, this has been

a goal or some urbanites from the

beginning. Catalhoyuk, in Turkey, is

an early example of high-density liv-

ing, but archaeological evidence sug-

gests that Catalhoyuk less resembled

a large town than a whole bunch of

villages jammed together [see "This

Old House," by Ian Hodder, page 42}.

Even back then, city dwellers would

be pleased when the guy with the

falafel stand knew their name.

There are some people who enjoy

the culture, variety, and so on ofNew
York, but could do without the zil-

lions of people. In college, I used to

play a game with other New Yorkers.

Imagine Manhattan is still a primor-

dial forest, except for three function-

ing New York institutions, situated

exactly where they are now. Which
would you pick? And we'd happily

imagine walking through a snow-filled

forest, where this deer trail led to Lin-

coln Center, that one skirted a swamp
en route to the Famous Ray's Pizza.

But for some people, merely arriv-

ing at Ray's defeats the whole pur-

pose. For them, the idea is to rush to

Ray's from Lincoln Center amid a

rude, jostling crowd of people, all

intent on getting in line ahead of you.

The stress and tumult and social com-
plexity are intrinsic to the pleasure.

The explanation for this makes

sense the second it's stated

—

stress is not uniformly aversive. In

fact, we all love certain kinds of stress.

Of course, when we are massively

stressed for long periods, we lose the

capacity for pleasure. We feel de-

pressed, anxious, exhausted, angry.

The neurochemical explanation

involves a neurotransmitter in the

brain called dopamine, which plays a

key role in feeling pleasure (or, more

precisely, in feeling the anticipation

of pleasure). Sustained major stress

depletes those pathways of dopamine.

But remarkably, mild, transient

stress increases the release of dopa-

mine. There's just a narrow window
for this phenomenon. Experience

stress that's mild and chronic instead

of mild and transient and there's no

dopamine release. Ditto with mas-

sive, transient stress.

And what do we call mild, tran-

sient stress? Stimulation. We don't

seek a life without stress. We love the

right amount of it, pay good money
for it. That suggests that people who
love New York because of its stressors

are the ones whose New York expe-

rience involves frequent and intermit-

tent refuge from the din and roar.

The essence of pleasure, including

stressful pleasures, is intermittency.

City planners, take note.

Robert M. Sapolsky is a professor of

biological sciences ami neurology at Stanford

I University. He spent much of his childhood

inside the American Museum oj Natural

History, where he wanted to live in one oj

the African dioramas.
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Swim at Home

When exercise is a pleasure, fitness is easy.

Swim or exercise against a smooth current adjustable to any speed in a unique pool

measuring only 8' x 15'. The compact size makes the dream of pool ownership practical in

small spaces.The Endless Pool® is simple to maintain, economical to run, and easy to install

inside or out.Think of it as a treadmill for swimmers.

Already own a pool? ^%ASTLANE
Ask about the

For a FREE DVD or Video, call 800.233.0741, ext. 5070
or visit us at: www.endlesspools.com/5070
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What time weakens, nature can strengthen.

It can add years to life. It can ease the stress of modern living.

And it can even improve immunity. It's the 'science of life', and as

old as mankind. It uses self-knowledge and self-care to bring harmony

to your mind, body and soul — with secrets gathered from leaves,

flowers, roots, oils and stones. Ayurveda will nourish you. Much

like Incredible India.

Incredible !nd
ny@itonyc.com www.incredibleindia.org 1-800-953-9399


